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Introduction 


TOYOCOM 1s the pioneer of the crystal industry in Japan, and 
has been supplying both domestic and overseas customers with 
quality crystal products for over half a century. TOYOCOM 
products have steadily enjoyed a good reputation in the market. In 
1960, TOYOCOM was the first in Japan to successfully mass 
produce synthetic quartz crystals. Since then, TOYOCOM has 
expanded its crystal products line from materials to components 
as well as accumulating crystal technology. 

Today, TOYOCOM 1s one of the leading crystal manufacturers 
in the world and has a broad products line consisting of quartz 
bars, blanks, optical devices, crystal units, crystal oscillators 
(TCXO, OCXO), SAW resonators, SAW filter, crystal filters, 
monolithic crystal filter, crystal clock oscillators and micro- 
processor crystals which meet the growing demand in the fields of 
communications, computers and so on. 

This catalog lists a varietyof crystal units, filters.and oscillators 
for cellular mobile telephone, cordless telephone and VHF/UHF 
band radio communications. TOYOCOM is proud of its excellent 
quality, ‘‘just-in-time”’ delivery, competitive price and customer 
serice. You can count on TOYOCOM. 
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I. General 

Since the famous Curie brothers, the great French 
physicists, discovered in 1880, the phenomenon of 
piezoelectricity, quartz crystals have played a major role 
in the area of electronic components. 

Crystal units are capable of extremely stable operation. 
This stability accounts for the ever-widening application 
of quartz crystals as frequency or time standards for 
frequency control, and as filter elements. 

TOYOCOM is an overall manufacturer of quartz crystal 
products including as grown quartz bars, lumbered bars, 
crystal wafers crystal units, crystal filters, crystal oscil- 
lators, optical products, and SAW devices. Among this 
large variety of quartz products, crystal units have a 
particularly high reputation for their superior electrical 
capabilities and reliability. TOYOCOM products cover a 
very wide frequency range from 1 kHz up to 225 MHz to 
meet the entire demand spectrum. 


Il. General Outline of Crystal Units 
(1) Mode of Vibration and Orientation Angle 

Table 1 refers to the mode of vibration of quartz crystals 
that are in general use and gives their orientation or cut 


angle, frequency range, relations between wafer dimension 
and frequency, and capacitance ratio. Fig.1 represents a 
model diagram of the orientation angle for the generally 
used vibration mode, when the primary temperature 
coefficient for the frequency-temperature characteristics 
in the ambient temperature range is zero. As shown in 
Table 1, the mode of vibration is determined by the 
frequency range that is used, but its vibration can also be 
predicted, to some extent. Table 1 should be referred to, 
when it is attempted to predict the mode. 
Z 


Fig. 1 Orientation angle of a Z-plate quartz crystal 


Table 1 Mode of vibration, orientation angle, frequency and capacitance ratio 


é F Orientation angle Frequency range Frequency Capacitance ratio 
Mode of vibration (kHz) (kHz) (Approx.) 
eet : 
CSS e: 
; co) Maks, 
Tuning fork ie HWS $297 tin Q? a 
eres = 45 1 to 21 5700 x > 600 
Flexure C ses 
Kise: Thickness NT 21 to 85 5000 x oy 900 
aS aa TEN 
(ae roa ae +5 X 50 to 200 2730 x a 140 
' | 
Extensional tot 
c 2 | ~18.5° X | 60 to 650 2550 x = 140 
2 = 
oa Dilj 84 to 300 2080 x > 450 
\ = 
F iOS eA ae 1 
ace Shear . CT 7X0) Vf) 4) PO a 
wat 3080 x — 400 
=e 
SL 300 to 1150 (460 x a 450 
AT fundamental 800 to 5000 1670 x a 300™450 
AT fundamental 2000 to 30000 1670 x ~ 230 
AT 3rd overtone 30000 to 75000 5010 x ~ (2500) 
pee ene. | 0 OT ay 1 
Thickness Shear jane. AT 3rd overtone (EFD) 30000 to 100000 5010 x Fe (2500) 
AT 5th overtone 50000 to 125000 8350 x ; (7500) 
AT 7th overtone 100000 to 225000 11690 x | (17000) 
BT fundamental 2000 to 38000 2560 x | 650 
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(2) Orientation Angle vs. Frequency- Temperature 
Characteristics 

The frequency-temperature characteristics of a quartz 
crystal can be grouped into two types according to the 
shape of the corresponding curves. One is ternary or 
third-order, and the other a quadratic or second-order 
curve. Fig.2 shows an AT cut characteristic representing a 
third-order curve. AT cut crystal units are most extensively 
used and are characterized in that they produce small 
frequency changes in response to temperature changes 
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Fig. 2 AT-cut frequency-temperature characteristics 


AF/F(X107°) 


in the ambient temperature range. Fig.3 gives the fre- 
quency-temperature characteristics for various cuts that 
are consistent with a second-order curve. Excluding the 
AT cut, most of the vibration modes have these charac- 
teristics. The frequency-temperature characteristics of the 
vibration modes defined in section (1) need checking to 
determine whether they comply with the equipment or 
machine specifications. AT-cuts are recommended unless 
some special specifications apply. 


= St St = 0 0 


+20 +40 +60 +80 +100 
——« Temp. (CT) 
Fig. 3 Frequency-temperature characteristics 


Crystal Units 


(3) Equivalent Circuits and Constants 

Quartz crystal units can be expressed in terms of the 
equivalent circuits of Fig.4 in the vicinity of the resonance 
frequencies. These equivalent circuit contants are: 


L1: motional inductance 
C1: motional capacitance 
R1: series resistance 

Co: shunt capacitance 


Fig.5 gives the admittance loci for the quartz crystal 
unit. As can be seen from this diagram, there is a 
particular relationship between the equivalent circuit form 
and the frequency as well as the resistance for each and 
all circuit conditions. The constants can be expressed by 
the following equations: 
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fs (Series resonance 


frequency) = 1/(27 /L1C1 ) 

fp (Parallel resonance = 1/ [27 /L1-C1-Co/(C1+Co) ] 
frequency) = fs[ 1+1/(2y) ] 

y (Capacitance ratio) = 27-fs-Co/C1 

Q (Quality factor) = 27-fs-L1/R1 


= 1/(27-fs-C1-R1) 


M (Figure of merit) = Q/y = 1/2 (27-fs-Co-R1) 


Fig. 4 Equivalent electrical circuit of quartz crystal unit 


Fig. 5 Admittance locus 


Crystal Units 


TOYOCOM 


(4) Frequency-Aging Characteristics 

TOYOCOM has established a long tradition and con- 
tinuity in developing and supplying quartz crystal units 
with outstanding aging characteristics. Fig.6 shows the 


typical frequency-aging characteristics of various crystal 
units. Fig.7 represents the aging characteristics of high- 
precision crystal units. 
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Fig. 6 Frequency Aging Characteristics 
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Fig. 7 Frequency Aging Characte 


(5) Measurement System 
TOYOCOM has the following measurement systems at 
its disposal to meet a universal spectrum of user require- 
ments. 
1. Crystal Impedance Meter TS-710/TSM 
Frequency Range: 2.5 to 1100 kHz (to US military 
standards) 
. Crystal Impedance Meter TS-330/TSM 
Frequency Range: 1.0 to 15 MHz (to US military 
standards) 
. Crystal Impedance Meter TS-683/TSM 
Frequency Range: 10 to 140 MHz (to US military 
standards) 
. Crystal Impedance Meter AN-15/TSM 
Frequency Range: 75 to 200 MHz (to US military 


standards) 


——————+» Elapsed time in day 


ristics of Reference Oscillator Crystal Units 


5. 7-network method 

Frequency Range: 1.0 to 225 MHz (to IEC pub. 444) 

The crystal impedence meters listed above use the 
oscillation method. The advantage of this system is that it 
provides a simple measurement method, allowing high 
excitation level measurement over a wide frequency range. 
Its disadvantage, however, is that it has inferior accuracy. 
The z-network method, however, has high measurement 
accuracy and permits measurement at a low excitation 
level. 

At high frequencies exceeding the frequency range, the 
round-robbin technique provides mutual interchange- 
ability within 0.5 ppm using the z-network method. 
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lll. Crystal Oscillator Circuit 
To construct oscillator circuits with crystal units, it is 
necessary to take the following details into consideration. 


(1) Example of a Basic Oscillator Circuit (for Fundamental) 

Fig.8 shows basic oscillator circuit (for fundamental). If 
oscillation occurs under normal conditions, the relation- 
ship between the reactance Xe of the crystal unit and the 
reactance -X of the circuit, as well as the relationship 
between the impedance Re of the crystal unit and the 
impedance -R (negative resistance) of the circuit, comply 
with the following equation. 


Xe = —-X 
Re=|—-R|... (1) 


To ensure stable oscillation, it is necessary that the 
impedance of the circuit should be -R > Re. When we take 
the example of Fig.8, we have 


—R = —gm/ (w?-Co1-Co2) .. . (2) 
—155 ke 


Where gm is the mutual conductance of oscillation stage 
transistor, w is angular frequency of oscillation, and Cv is 
the trimmer capacitor for frequency adjustment. 


(2) Load Capacitance and Frequency 

If the series resonance frequency is taken as fs, the 
motional capacitance of the crystal unit as C1, and shunt 
capacitance as Co, we have the following equation: 


At fl=ts) 
fs fs 2(Co/C1) 1+CL/Co © 


. (3) 
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if the resonance frequency with the load capacitance is fL 
and difference between fL and fs is af. 

In the example of Fig.8, the load capacitance may be 
considered as being the capacitance of Co1, Co2, and Co3 
+ Cv connected in series if the stray capacitance of 
transistor and pattern are included. In other words, the 
load capacitance CL is 


Li) deel a4 
Co2 Co3t+tCv 
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Co1 


Fig. 8 Example of a oscillator circuit with a 10 MHz 
fundamental 


500 


- 


at Cy = 3.5 pF 
C, = 16 fF 


300 


S=— 713mg Die 


P.R. = 43.1 x 10° °K 


200 


——> A\f/fr (x107°) 


Af/fr = 239 x 10-° 


100 


Qu—— 


bars 


TH 


271 S0E 3S 


60 70 


ee eer 


Fig. 9 Characteristics of frequency vs. load capacitance 
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If we assum that the manufacturing tolerance for a crystal 
unit is in the order of +10 ppm, it will be necessary to have 
a trimmer Cv to change the frequency to an extent of +15 
ppm so as to compensate the variation of the circuit 
elements and the changes due to aging. 

If C1 and Co for the crystal unit are given, and if load 
capacitance changes from CL1 to CL2, then the “Pulling 
range” (P.R.) will be: 
| fL.1—fL2 | 


| iss 
PR = = ! C1C1(CL2—CL1) 
ie) 


| 
2(CotCL1)(Co+CL2) | (5) 


The “Pulling Sensitivity” (S) near CL is: 


—_ (af/tr) Cl 
; CL 2(CorCL) Aa (9) 
If CL in equation (6) is given a small value, the pulling 
sensitivity will increase. Conversely, however, its stability 
will decrease. Fig.9 shows the load capasitance charac- 
teristics for the resonance frequency at C1=16fF and 
Co=3.5pF. For this purpose, the results that are calcu- 
lated with substituting the values CL=30pF, CL1=27pF, 
and CL2=33pF in equation (3), (5), and (6) may be 
considered as reference data. 

It should considered with due care that if, as shown in 
equation (7) below, the effective resistance RL of the 
crystal unit has a large value, it has difficulty in oscillations. 


Bi=A1-(1+Co/CL)2... «. (7) 


In this equation, R1 is the equivalent series resistance of 
the crystal unit. 


(3) Overtone Oscillation Circuit (Example) 

Fig.10 shows the example of an overtone oscillator 
Circuit. Compared with the fundamental oscillator circuit 
(Fig.8), it should be noticed that two coils have been 
added. Let us explain the reason for adding these two 
coils. First, the coil Lo1 on the emitter side of the transistor 
consists of Co2 that is connected in parallel, and a 
frequency selector circuit. To obtain the desired overtone 
oscillation, oscillator, a selector circuit is required that 
suppresses the lower overtones or the fundamental. The 
condition required for achieving this selectivity, is that the 
Loi and Co2 parallel resonance frequency fT ( 
=1/27,\/Lo1-Co2z2 ) should be intermediate between the 
frequency of the order number of the desired overtone 
and the frequency of the next lower overtone. 

Let us now consider the negative resistance referred to 
above as one of the oscillating conditions. Since the 
selector coil has been added, equation (2) has changed in 
the sense that Coz has become Co2-1/w? Loi. This gives 
us: 


—R = —gm/ [w2- Cor -(Co2 — 1/w2- Lot) J 


Fig. 10 Example of a standard overtone oscillator circuit 


If we take the example of Fig.8 in which -R was -1.55 kQ. 
and if we use the same Co1 and Co2, then we will see that 
if the frequency is 75MHz, for example, the negative 
resistance is as small as -R = -27 2. 
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Consistently, Co1 and Co2 have to be given sufficiently 
small values for the overtones. The overtone oscillator 
circuit calls for another area of particular care. This is the 
frequency pulling range. In equation (4), the motional 
capacitance C1 of the crystal unit with the same thickness 
and the same electrode dimensions is roughly inversely 
proportional to the square of the overtone order number. 

This, consequently, means that the frequency pulling 
range becomes narrower as a result. If, however, Co1 and 
Coz assume small values in order to ensure a negative 
resistance, then this pullability will be made even more 
difficult. By contrast, however, this increases the fre- 
quency stability with respect to external changes (for 
example: changes associated with the circuit). The coil L2 
is sometimes added to ensure a suitable frequency pulling 
range. Coil L2 is generally referred to as an expansion 
coil. As shown in Fig.11, the amount of frequency change 
from the series resonance, with the expansion coil and 
load capacitance parallel-connected to the crystal unit, 
can be expressed as: 


Ae 
fr 2(Co/C1) CL 1 
1+—. 


Co 1—w? LaCL 


If La — O in equation (8), it should be checked that 
equation (4) is met. If La is introduced, it should also be 
checked that the trimming range is increased. 

As an example dissociated from the overtone oscillator 
Circuit, Fig.12 shows an example of a pager circuit, a type 
of circuit that has been increasing particularly in recent 
years. This type of circuit is particularly designed for 
applications with a low power supply voltage of 1 to 1.1 V 
and when a low current consumption Is required. 

The coil and resistance connected in parallel with the 
crystal unit respectively, are a Co cancelling coil for the 
crystal unit and a resistance for avoiding abnormal 
oscillations. The LC circuit on the collector side of the 
transistor is a frequency multiplier circuit. 


Co 


Fig. 11 Equivalent circuit with an added expander coil 
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Fig. 12 Example of 1st local oscillator for a pager 


(4) Prior to Circuit Pattern Design 

If a pattern design is required for a crystal oscillator 
circuit in the high frequency range, it is the essential to 
consider the following points. 


@ To minimize the stray capacitance of oscillation loop, 
the length of the pattern should be designed as short as 
possble. 

@ |f other components and the wire pattern are crossed in 
the oscillation loop, it is essential to suppress the stray 
Capacitance increase to the greatest possible extent. 
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IV. EFD Series Crystal Unit 

The EFD series crystal unit is a revolutionary concept 
in that it is an overtone crystal unit that can be used as 
a fundamental crystal unit at the same time. 

As has been explained in the previous chapter, a 
normal overtone oscillator circuit is subject to many 
limiting conditions and problems. With the present 
crystal unit, these problem areas have been improved 
to achieve a simple circuit that does not present any 
danger of abnormal oscillation and that is capable of 
achieving a low power consumption. 


(1) Principle of the EFD Series Crystal Unit 

Fig.13 shows the frequency response characteristics 
of an EFD series crystal unit. Compared with con- 
ventional crystal units, it has a large fundamental series 
resistance which is several times that of the third- 
overtone mode. 

These characteristics have imparted to the vibrator 
itself a frequency-selecting capability and have done 
away with the selector coil described in chapter III, in 
other words, the tuning coil. 

The EFD series crystal unit uses a conventional AT 
cut wafer and differs from conventional vibrators only 
in terms of the electrode structure, while all other 
features are exactly identical with the conventional 
third overtone AT cut crystal unit. 
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Fig. 13 Typical data of harmonic responce on EFD crystal units 


(2) Example of a Circuit Used for the EFD Series Crystal 
Unit 

Fig.14 shows an example of the type of circuit used for 
the EFD crystal. It can be easily recognized that, except 
for the expansion coil, the circuit is identical to the 10 MHz 
circuit described in Fig.8. 

The expansion coil may also be omitted, if this is 
specifically requested by the users. It so, it is possible to 
develop an overtone oscillator that represents a completely 
coil-less circuit. 

Fig.15 is a block diagram for a high-speed CPU clock 
generator. In this generator, the coil is completely absent. 


(3) Particular Features of the EFD Series Crystal Unit 

e Parasitic oscillation-free 

@ ideal for low power consumption circuit development 
e@ Adjustment-free 

Permits the development of a coil-less circuit 

Ideal for set miniaturization 
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Fig. 14 Example of 1st local oscillator in the 90 MHz band 
using EFD series crystal units 
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Fig. 15 Example of a high-speed CPU clock generator using an 
EFD series crystal unit 
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V. Determining Specifications and Submission of Inquiries 

TOYOCOM has a long-standing record as an inte- 
grated quartz crystal manufacturer and is therefore in a 
position to offer a wide range of services on the basis of 
their extensive experience. We have established our own 
internal specifications to cover reliability aspects over and 
above the electrical performance features of these prod- 
ucts. When addressing inquiries to TOYOCOM, please be 
sure to state the particular application purpose (for 
example, pager, portable telephone, etc.) along with the 
required performance data. This will allow us to supply 
the product that exactly corresponds to your needs. 


(1) Inquiries and Orders 


@) Holder: Select from the TOYOCOM cata- 
logue details the desired dimension 
sealing or retainer method 

@) Nominal 

Frequency: Nominal frequency or channel fre- 
quency and calculation formula for 
these 

@) Mode of 

oscillation: Cut or mode description and order 


of overtone 
@) Frequence 


tolerance: Manufacturing tolerance at reference 
temperature +5 ppm is possible as 
an option. 
Please state clearly if frequency shift 
is required 
©) Equivalent 
resistance: Normally, the maximum value is 
specified 
@) Load 


Capacitance: Please state the design load capaci- 

tance 

To enhance the accuracy even 

further, it is recommended to ask for 

a round-robbin procedure to be 

applied for sample crystal units 

@) Frequency- 
temperature 
characteristics: Specify the temperature range or 

particular temperature along with the 

standard temperature/frequency 

change 

Example: +5 ppm over —10 to +60°C 

(referring to 25°C) 

Specify the operation level 

This level essentially implies the 

power that is consumed by the 

crystal unit 

TOYOCOM offers the following op- 

tions in an endeavor to provide 

crystal unit that are even easier to 

use 


(8) Drive level: 


@) Option: 


10 


Suitable for IR reflow process 
Metal jacket (page 28 in this 
catalogue) for easier surface 
mounting 

EFD series for circuit simplifica- 
tion and adjustment-free opera- 
tion (see page 18, 19) 

Insulation pad for resistance- 
welded holder 

TOYOCOM’s standard marking will 
be supplied unless specifically re- 
quested otherwise 


Marking: 


(2) Ordering Formula 

The following page may be used as form for entering 
the examination results in response to the various items of 
section (1). Please make a copy for your use. For options 
and details regarding required markings, please enter 
where appropriate. A separate column has also been 
provided for applications. Please enter where appropriate. 
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Holder 


Nominal frequency 


Mode of vibration 


Frequency tolerance (at 25 + 3°C) 


Load capacitance (C1) 


Frequency stability in operating 
temperature range (refered to 25°C) 


Operating temperature range 


Resonance resistance (Rr) 


Motional capacitance (C1) 


Shunt capacitance (Co) 


Drive level 


Other requirements, if any 
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Hz 


ppm 


pF 


ppm 


fF 


pF 


mW 


iat 


—— 
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for 1st local oscillators in pager 


HOLDER: UM-5, UM-4, UM-1 Frequency stability 


(in operating temperature range referring 25°C) 


Features 

@ Excellent shock proof 

e Excellent frequency aging characteristics 

@ Small deviation from the specified frequency pulling 


"re —<_ 
igh frequency reproducibility carol : 
FREQUENCY RANGE : 30 to 175MHz | Sto 55°C | 
METHOD OF SEALING: Resistance Weld | 


MODE OF VIBRATION : AT-cut 3rd. 5th ea 
Thickness shear pees 


LOAD CAPACITANCE : (S) j 
DRIVE LEVEL - 2uW 


Frequency tolerance (at 25+3°C) 


+5ppm +10ppm +15ppm 


Aging 


Antenna frequency 


Multiplication order — 


Direct 


AA B 
+1ppm/year +2ppm/year | +4ppm/year 


X2xXSKZ 


Resonance resistance (R,) 


Frequency 


30 to 90 MHz 
60 to 150 MHz 


Outline drawing 


P 4 mm inch 
Size in mm (0105 =aaOGEI 
0.2 008 
0.35 014 
Pee) 091 
3.1 122 
3.75 148 
4.5 iby 
5.8 228 
7.0 276 
7.8 307 
127 500 
UM-5 (Resistance weld) UM-4 (Resistance weld) UM-1 (Resistance weld) 
3.1max 3.1max 3.1max 
2.3max 5.8max 12.7min 2.3max 4.5max 12.7min 
. 2.3max 8.0max , 12.7min 
| a 
» x x mN 4 ae N 
(Va: : : i; : 
U 0} Oo ar x © K a | § ie 
a ele o Li . o als - S 
re , as = om 
w} wo wo ' 
| S S 
$i $i Fi 
Lo | wo | to 
~ oO (50) 
g| Oo} io) 
6 | 6} ray 
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Crystal Units 


TOYOCOM 


for reference oscillators of frequency synthesizer and for both analog and digital TCXOs 


Holder : HC-43/U, HC-49/U, UM-1, UM-2 


Features 


e Small deviation from the specified frequency pulling range 


e Excellent reproducibility 

e Excellent continuity for frequency-temperature 
characteristics 

e Small deviation of inflection temperature 


Frequency (MHz) 


3.579545 | 3.600 3.84 | 4.096 | 4.800 
- 7.200 7.OSeipout Za 9:000 


Liasiers [14.400 | is36| — | | 


Frequency tolerance (at 25+3°C) 


3.2to 4MHz 
4to 5MHz 
5to 7 MHz 
7 to 10 MHz 
More than 10 MHz 


Outline drawing 
Size in mm 


HC-43/U (Cold weld) 


3.6max > L max | 


4.88+0.2 


HC-43/U-1  L=13.5 
HC-43/U-3.  L=11.1 


~0.45+0.05 


UM-1 (Resistance weld) 


3.1max 


2.3max 8.0max , 12.7min 


~-3.75+0.2 


00.35+0.05 


2.7max 


Frequency stability 


(in operating temperature range referring 25°C) 


tS lll ts Y 


ppm aa Ey ress 


MODE OF VIBRATION : AT-cut, Fundamental 
DRIVE LEVEL : 0.14mMW max. 
LOAD CAPACITANCE (C, ) : (S) or 20pF or 30pF 


“For TCXO use, you can specify any preferaby 1st-order 
temperature coefficient at the inflection temperature. 


. mm inch 
HC-49/U (Resistance weld) 0.02 0008 
0.03 ‘0012 
0.05 (002 
4.65max 0.2 .008 
5.8max 12.7min 0.35 .014 
3.81max Sime | 0.4 016 
| | 0.43 ‘017 
|| || : 0.45 018 
y | 2.3 091 
> 27 106 
5 =r 3.1 122 
é ° 3.5 138 
8 Fs 3.6 142 
= = 3.81 150 
4.65 183 
4.88 .192 
5.00 197 
5.8 228 
7.0 .276 
7.8 307 
8.0 315 
8.6 339 
9.4 370 
. 9.5 374 
UM-2 (Resistance weld) 10.0 394 
10.21 402 
3.5max 11.05 435 
11.5 453 
12.7 
13.46 


Oo 
ER Pees 
Ww 


9.5max 20min 
fe —— _ 


9 _4max 


0 


Crystal Units TOYOCOM 


for 2nd local oscillators in VHF/UHF band radio communications 


Holder HC-18/U, HC-43/U, HC-49/U Holder UM-1, UM-2, UM-5, HC-43/U, HC-18/U. HC-49/U, 

FREQUENCY 10.245MHz, 11.155MHz FREQUENCY 20.945MHz, 21.855MHz 

APPLICATION = 2nd local oscillator in conjunction with APPLICATION 2nd local oscillator in conjunction with 
10.7MHz IF 21.4MHz IF 

Frequency tolerance (at 2543°C) Frequency tolerance (at 253°C) 


MODE OF VIBRATION = AT-Cut , Fundamental MODE OF VIBRATION — AT-Cut, Fundamental 
Frequency stability Frequency stability 
(in operating temperature range referring 25°C) (in operating temperature range referring 25°C) 


v z 
+10 | +15 | +20 | +30] +50 
p ppm | ppm| ppm 


| 010 60°C 
| —5 to 56°C | 
10r06o'c| a 

—15 to 65°C 
| 
K|—25 to 75°C 
—30 to 80°C 
M|—40 to 90°C 
N{-55 to 105°C 


ae 


ea 
i 
i 
om 
tna 
ee 


~~ Standard products ~ Standard products 


DRIVE LEVEL :0.5+40.1mW DRIVE LEVEL :0.5+0.1mW 
LOAD CAPACITANCE (C, ) : 30+ 0.3pF LOAD CAPACITANCE (C,) : 30+ 0.3pF 
RESONANCE RESISTANCE (R,) : 402 max. RESONANCE RESISTANCE (Rr) : 3002 max. 
SHUNT CAPACITANCE (C,) : 5.5pF max. SHUNT CAPACITANCE (Co) ; 5.50F max: 
Outline drawing 
Size in mm 
HC-18/U (Solder seal) HC-43/U (Cold weld) HC-49/U (Resistance weld) ee ae 
4.65max 0 z: 008 
pe 13.46max_ 8 15.0min O45 018 
oT E mk sal ae 
i) 3] == i 7 
=| S| Semel oar nt 
{L Z — 8 3] | 2) 11.5 .453 
25 s| 2s 
© ey 13.5 531 
S 3 20.0 787 


G-43/,U= ee 13:5 
HC-43/U-3 L-11.1 
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Crystal Units 


TOYOCOM 


for 2nd local oscillators in VHF/UHF band radio communications 


Holder UM-1, UM-2, UM-5 


FREQUENCY — : 34.300 MHz, 44.545 MHz, 45.455 MHz, 
54.545 MHz, 54.570 MHz, 57.6575 MHz, 
59.300 MHz, 69.545 MHz 

APPLICATION : 2nd local oscillator in conjunction with 
45 MHz, 55 MHz and 70 MHz IF 


Frequency tolerance (at 25+3°C) 


ce 
+20ppm 


MODE OF VIBRATION 


Frequency stability 
(in operating temperature range referring 25°C) 


RW xe |x 


acilsy |b asAlo) || set {o) 
ppm; ppm | ppm 


D 
+30ppm 


AT-Cut 3rd Overtone 


Standard products 


DRIVE LEVEL :0.5+0.1mMW 
LOAD CAPACITANCE : Series Resonance 
RESONANCE RESISTANCE (Rr) : 502 max. 

(602 max. for UM-5) 


SHUNT CAPACITANCE (Co) : 4.5pF max. 


Outline drawing 


Size in mm 


UM-1 (Resistance weld) 


? 7mMax 


UM-2 (Resistance weld) 


3.75+0.2 
Ghana 
- oa 
| 8.6max | f 
iE 
Ne 
_ 
' : 
3 | o 
iE 


Holder UM-1, UM-2, UM-5 


FREQUENCY : 79.300 MHz, 81.745 MHz, 89.545 MHz 
APPLICATION : 2nd local oscillator in conjunction with 
90 MHz IF 


Frequency tolerance (at 25+3°C) 


MODE OF VIBRATION 


Frequency stability 
(in operating temperature range referring 25 C) 


AT-Cut 5th Overtone 


ppm 


Y 
+30 
esas 


K | —25 to 75°C 

L | —30 to 80°C 
—40 to 90°C 

N | —55 to 105°C 


Standard products 


DRIVE LEVEL -0.5+0.1mMW 
LOAD CAPACITANCE : Series Resonance 
RESONANCE RESISTANCE (Rr) : 702 max. 

(902 max. for UM-5) 


SHUNT CAPACITANCE (Co) : 4.5pF max. 
UM-5 (Resistance weld) uae ected 
02° eS 
3.1ma 0.35 014 
O 40 016 
2.3max | pep Smay 12.7min 2.3 191 


— 


Crystal Units TOYOCOM 


Holder: HC-43/U, HC-49/U, UM-1 Frequency stability 


(in operating temperature range referring 25°C) 


Features 

@ Small deviation from the specified frequency pulling (Funeerienral 
. SBE 

@ Phase zitter free [| ppm | ppm | ppm | ppm | ppm 4 

@ Excellent distorsion characteristics 

e@ Wide capture range ja os 

FREQUENCY RANGE : 


METHOD OF SEALING: 

MODE OF VIBRATION : AT-cut Fundamental, 3rd 
Thickness shear 

LOAD CAPACITANCE : (S), 20pF, 30pF 

DRIVE LEVEL : 0.5mW max. 


Frequency tolerance (at 2543°C) 


Aging 


So 


+1ppm/year +2ppm/year 


Resonance resistance (R,) 


—5to55°C §F 
G}—10to60°C | 


—15 to 65°C 
—20 to 70°C 


—25to75 C 


Frequency 


HC-43/U 
HC-49/U 


b 
—30 to 80°C 2 


3.2 to 4 MHz 
4 to 5 MHz Fund 
5 to 7 MHz Fund —40 to 90 C 
7 to 10 MHz Fund —55 to 105 C 
10 to 30 une | Fund *For VCXO use, you can specify any preferably frequency-shift at 
nominal frequency. 
30 to 52 MHz Fund = | 402 
30 to 100 MHz 3rd 402 452 


Outline drawing 


Size in mm 


HC-43/U (Cold weld) HC-49/U (Resistance weld) UM-1 (Resistance weld) 

mm inch 
4.65max 0.02 0008 

0.05 002 

L max 15.0mi es lernax Latah 3. imax 0.2 008 

Fie - 0.35 014 

hg! E 2.3max 8.0max , 12.7min 0.43 017 

; EEE wag 0.45 018 

es () 5| = N a Pe 2.30 091 

Ba & c al So 3.10 122 

© UD ei] 8 28 5 wal 3.60 142 

st =| t i = Ss 3/5 148 

& i — ON] == ie oD 3.81 150 

| S| eo| rs) 4.65 183 
Z| 2) S 4.88 192 

=| es Ne 5.00 200 

3| + 7.0 276 

= A 6 7.8 307 

8.0 315 

10.0 394 

HC-43/U-1 L=13.5 HC-49/U-1 L=13.5 10.21 402 
HC-43/U-3 L=11.1 HC-49/U-3 L=11.1 oy oF ae 
N27 500 

15.0 591 
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Crystal Units 


TOYOCOM 


for tone squelch and for time reference of digital pagers 


Feature 
Ultra miniaturized holder 


FREQUENCY : 455 kHz (Holder HC-43/U) 
1000 kHz (Holder HC-43/U, U 


M-1) 
1008 kHz (Holder HC-43/U, UM-1) 


Frequency tolerance 


as 


Cc 
+3000ppm 


for (A) and (B) measurement is made at 25° C+3°C, if special condition is 


not required. 
for (C) overall tolerance 


Frequency stability 
(in operating temperature range referring 25°C for (A) and (B)) 


A B Cc 


+100ppm(—10 to 50°C) | +300ppm(—10 to 60°C) | +3000ppm (—10 to 60°C) 


for (C) overall tolerance 


Outline drawing 
Size in mm 


HC-43/U (Cold weld) 


5.0max 


3.6max i L max 15.0min 
. 1 


11.5max 
10.0max , 

| = 
4.88+0.2 


| 

=| 

3| 
HC-43/U-1 L=13.5 
HC-43/U-3 L=11.1 


UM-1 (Resistance weld) 


LOAD CAPACITANCE : (S) 
MODE OF VIBRATION : SL-cut 
DRIVE LEVEL : 0.5mW 


Resonance resistance (R,) 


Holder 


HC-43/U 3kQ max 


UM-1 


7. 


mm inch. 
0.005 “0002 
0.2 ‘008 
0.35 ‘014 
0.45 ‘018 
23 ‘091 
3.4 122 
3.6 142 
3.75 148 
5.0 197 
7.0 276 
7.8 307 
8.0 315 
% 10.0 394 
V2.7enin 11.1 437 
11.5 453 
N 12.7 ‘500 
S 13.5 531 
4 15.0 591 
~ 
fap) 


Crystal Units TOYOCOM 


for 1st local (2nd local) oscillators in VHF/UHF band radio communications 


Effective Fundamental design achieves an efficient AT-cut Frequency stability 

3rd overtone mode crystal unit while maximizing Sup- (in operating temperature range referring 25°C) 
pression of its fundamental mode response to make 
oscillation circuits coil-less and the same as the funda- 
mental mode 


0t045C ji 
Features 0 to 50°C ¢ | 
@ Adjustment-free — oscillation of the overtone —5to55°C | 


frequency in tuning coil-less circuits 10 to 50°C 
@ Excellent shock-proof characteristics with the overtone 
—10 to 60°C 
mode 
@ Parasitic oscillation-free —15 to 65°C 
@ Maintainance-free ~20 to 70°C 


HOLDER : UM-1, UM-5 
FREQUENCY RANGE : 30MHz to 100MHz 


A Wie Pe eee D MODE OF VIBRATION : AT-cut 3rd. Overtone EFD 


LOA PACITA : R 
“10pm £3000m DRIVE LEVELS St nec en naa 


Frequency tolerance (at 25+3°C) 


Aging 


AA A B 
+1ppm/year +2ppm/year +4ppm/year 


Resonance resistance (R,) 


Frequency UM-5 
30 to 40 MHz = 
40 to 100 MHz 70Q 
Outline drawing 
Size in mm 
UM-1 (Resistance weld) UM-5 (Resistance weld) mm inch 
0.03 001 
0.05 002 
0.2 /008 
3. 1max 0.35 .014 
— 0.4 016 
2.3max_ | 5.8max 12.7min is oa 
3n = a EM enh : ; 
7 | -- 2.6 102 
— ee 2.7 106 
* pa eA .122 
el Oe = i. 3.5 138 
(eo) ‘o) w 3.75 .148 
||) ae S 4.88 1192 
84) 5.8 228 
wo} 7.0 .276 
S| 7.8 .307 
ei 8.0 315 
‘| 8.6 .339 
| 9.4 370 
5 | 9.5 374 
S| 12.7 500 
20.0 787 
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Crystal Units TOYOCOM 


for clock pullse generators/drivers and for gate array 


Holder: HC-49/U FREQUENCY : 32.000 MHz 
LOAD CAPACITANCE  : (S), 10 pF 
Features MODE OF VIBRATION : AT-cut 3rd Overtone EFD 
¢ Oscillation in overtone frequency with coil-less circuit ORIVE LEVEL : 0.5 + 0.1 mW 
and adjustment-free SHUNT CAPACITANCE : 7 pF max. 


e Excellent shock-proof with the overtone mode 
e Parastic oscillation-free 


ee Resonance resistance (Ry) 
e Maintainance-free 


70Q max 


Remarks 


Other frequencies and specifications are available on request. 


Frequency tolerance (at 25+3 C) 
+50ppm 


Frequency stability 
(in operating temperature range refered to 25°C) 


+50ppm (—10 to 70°C) 


Outline drawing 
Size in mm 


HC-49/U (Resistance weld) 


mm 
0.03 001 
4.65max 0.05 .002 
0.2 008 
0.35 .014 
3.81max 13.5 max 12.7min 0.4 016 
= 1.6 .063 
2.3 091 
: 2.6 102 
| x nN Dy) 106 
| 2 =——F> 3.1 122 
fe) =A 5 29 
wo 5 138 
i So a 75 148 
| s= st 88 192 
" I 0 276 
= eS 8 307 
S a ) 315 
x 


SH OCOCDMNNE WW 
fe pe 
WWWWWKN- 
at 
re) 


00.43 


on] 
No! 
1S 


ho, 


Crystal Units My 


a 
~< 


These crystal units are of ultra-miniaturized metal holder types 
introducing resistance weld sealing method. 

Lead wire type terminals are provided. 

This series has following features: 

Shock-proved ultra-miniaturized holder 

Excellent frequency aging characteristics 

High frequency reproducibility 

Small deviation from the specified frequency pulling range 


Frequency stability 
(in operating temperature range referring 25°C) 


FREQUENCY RANGE 
METHOD OF SEALING : 
MODE OF VIBRATION : 


LOAD CAPACITANCE 
DRIVE LEVEL 


: 10MHz to 200MHz 


Resistance Weld 

AT-cut 

Fundamental, 3rd, 5th, 7th 
Thickness-shear 


: (S), 20pF, 30pF, 
> 0.5mW, 1mW 


Frequency tolerance (at 254+3°C) 


A B (¢ D 
+10ppm +15ppm +20ppm +30ppm 


—5 to 55°C 
—10 to 60°C 
—15 to 65°C 
—20 to 70°C 
—25 to 75°C 
—30 to 80°C 
—40 to 90°C 
—55 to 105°C 


Aging 


A 


B 


+1ppm/year +2ppm/year +4ppm/year 


Resonance resistance (F,) 


Frequency 
10 to 15 MHz 


15 to 20 MHz 45Q *High frequency fundamental crystals more than 30MHz are available 
20 to 30 MHz 30Q in UM-5 on request. 
30 to 90 MHz 3rd 600 Frequency: 30 to 52 MHz Rr: 402 max. 
60 to 150 MHz 5th 90 
90 to 200 MHz 
Outline drawing 
Size in mm 
UM-5 (Resistance weld) UM-4 (Resistance weld) 
mm inch 
3.1max 3. 1max 0.05 002 
) pets 0.2 008 
2.3max 5.8max 12.7min 2.3max_ 4+ ; rs ; a 
| hes Yl Hy Ih 3.4 122 
tea r : 
E i e) Se ee as 
oO wo oO OS 5.8 228 
~~ = & ~ ~ 7.0 2 
THe | soe 
2 Ly 500 
zi 
S 


Crystal Units TOYOCOM 


These crystal units are of ultra-miniaturized metal holder Frequency stability 

types introducing resistance weld sealing method. (in operating temperature range referring 25°C) 
Lead wire type terminals are provided. 
This series has following features: 


Ultra-miniaturized holder F3 art wilet7-5 
Excellent frequency aging characteristics id iad a SAE 
~ High frequency reproducibility 
Small deviation from the specified frequency pulling range | 5 t0 55°C | 
FREQUENCY RANGE: 10MHz to 200MHz 
METHOD OF SEALING : Resistance Weld 
MODE OF VIBRATION : AT-cut 
Fundamental, 3rd, 5th, 7th —25 to 75°C 
Thickness-shear 
LOAD CAPACITANCE: (S), 20pF, 30pF, 
DRIVE LEVEL : O.5mW, imW, 2mW eee 


—55 to 105°C 


Frequency tolerance (at 2543°C) 


Supe hey Eile a pcan 
+75 
ppm 
—10 to 60°C 


Vv x Y 
ee +10 | +15 | +20 | +80 | +50 
ppm ppm | ppm | ppm | ppm | ppm 

—15 to 65°C 


alae - | is 
—20to70C | 


A B 


+1ppm/year +2ppm/year +4ppm/year 


Resonance resistance (R,) J | —25 to 75°C 
Frequency Mode Rr K | —30 to 80°C | 
10 to 15 MHz Fund 40 2 max L | —40 to 90°C 
15 to 30 MHz Fund 25 2 —55 to 105°C 
25 to 30 MHz [ 3rd ik 50 2 
*High frequency fundamental crystals more than 30MHz are available 
30 to 90 MHz 3rd 452 in UM-1 on request. 
50 to 150 MHz 5th 602 Details are listed on page 16. 
90 to 200 MHz 7th | (902) 


Outline drawing 


Size in mm 


UM-1 SLIM (Resistance weld) UM-1 (Resistance weld) UM-2 (Resistance weld) o.03 001 
0.05 .002 

0.2 008 

0.35 014 

2.6max 3. 5max 0.4 016 

as na a 1.6 .063 

2 | 9 _5max 20min 2.3 091 
1.6max 8.0max 12.7min fb am 2.6 102 
ate cov i | 27 .106 

——— | : 3 1 122 

N “A * 3 £ 138 

ss fo) 0] © = c 3 75 148 


i= 


00.35+0.05 


ZT 


Crystal Units 
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These crystal units are of miniaturized metal holder types Frequency stability Hy te, omit 
introducing resistance weld sealing method. (in operating temperature range referring 25 C) espat 
Lead wire type terminals are provided. 
This series has following features: 
Excellent frequency aging characteristics 
High frequency reproducibility 


Oto 50 C 


Small deviation from the specified frequency pulling range | 
FREQUENCY RANGE: 3.2MHz to 200MHz 


METHOD OF SEALING : Resistance Weld 
MODE OF VIBRATION : AT-cut 


Fundamental, 3rd, Sth, 7th 
Thickness-shear 


LOAD CAPACITANCE. : (S), 20pF, 30pF, - 
DRIVE LEVEL 0.5mW, imW, 2mW 


—40 to 90°C 
Frequency tolerance (at 2543°C) —55 to 105°C 
= ee 


Aging 


Oto 50°C | 
—5 to 55°C 


AA A 


+1ppm/year +2ppm/year +4ppm/year 


Resonance resistance (R,) 


Frequency Mode Rr 
3.2 to 4 MHz Fund . 1502 max 
4 to 5 MHz | Fund 702 
5 to 7 MHz Fund 602 
7 to 10 MHz Fund | 302 
10 to 30 MHz Fund 252 
20 to 25 MHz 3rd 452 
25 to 75 MHz 3rd 402 
75 to 90 MHz 3rd 452 
50 to 150 MHz 5th | 602 
90 to 200 MHz 7th 902 


Outline drawing 


Size in mm 


HC-49/U (Resistance weld) HC-43/RW (Resistance weld) bts aoe 
0.2 (008 
wGSmax 5.0max 0.43 .017 
= 0.50 ‘020 
3.81max L max 12.7min 4.2max pm L max 15.O0min at eee 
any — 4.65 183 
3 | ee 4.88 192 
2 6.0 236 
sl : =: a 
Ee; E a E : 
g| 5 : : : i 
|) + = v 
2 re) 
S S 
= Fi 
laa) wo 
2 < 
= 3 
HC-49/U-1 L=13.5 HC-43/RW-1 L=13.5 
HC-49/U-3 L=11.1 HC-43/RW-3 L=11.1 


Crystal Units 


TOYOCOM 


These crystal units are of miniaturized metal holder type 
series introducing cold weld sealing method. 

Pin type and lead wire type terminals are available. 

This series has following features: 

Excellent frequency aging characteristics 

High frequency reproducibility 

Small deviation from the specified frequency pulling range 


FREQUENCY RANGE: 3.2MHz to 200MHz 
METHOD OF SEALING : Cold Weld 
MODE OF VIBRATION : AT-cut 


Fundamental, 3rd, 5th, 7th 
Thickness-shear 
: (S), 20pF, 30pF, 
:0.5mW, 1mW, 2mW 


LOAD CAPACITANCE 
DRIVE LEVEL 


Frequency tolerance (at 2543°C) 


+8ppm/year 


+1ppm/year 


Resonance resistance (F,) 


Frequency Mode i= Rr 
3.2 to 4 MHz Fund 1502 max 
4 to 5 MHz Fund 702 
5 to 7 MHz 1 Fund 602 
7 to 10 MHz Fund 302 
10 to 30 MHz Fund 252 
20 to 25 MHz 3rd [ 452 
25 to 75 MHz 3rd | 402 
75 to 90 MHz 3rd 452 
50 to 150 MHz 5th 602 
90 to 200 MHz 7th 902 


Outline drawing 


Size in mm 


HC-42/U (Cold weld) 


3 
= 
= 
2S 


HC-42/U-1 
HC-42/U-3 
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Frequency stability 


(in operating temperature range referring 25°C) 


0 to 50°C aa 


—5 to 55°C 


| 30 to 80°C | 
—40 to 90°C eh Cae 
—55 to 105°C |. SX 
PaPaeoearaeaes 


ae7/23) || seil6) (Pasi ae 
ae = ppm | ppm | ppm 


(3rd, 5th, 7th) 


ai 0 to 50°C 
| S10 55°C an 
G| —10 to 60°C 
H| —15 to 65°C 
1 | —20 to 70°C 
J | —25 to 75°C 
K| —30 to 80°C 


—40 to 90°C 
—55 to 105°C 


HC-43/U (Cold weld) 


a 3. 142 
3 | a eet 50° 197 
=) Te | $1 6.0 .236 
wo} O ee 10.0 394 
=|;S qs es ne 
{ i. \— 0 | 13.5 531 
) oO} 15.0 591 
5 
3 
HC-43/U-1 L=13.5 
HC-43/U-3 L=11.1 
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These crystal units are of metal holder type series Frequency stability 4 Ogee 
introducing cold weld sealing method. (in operating temperature range referring 25 C) 
Pin type and lead wire type terminals are available. 
This series has following features: 

Excellent frequency aging characteristics 

High frequency reproducibility 010 50°C 
Small deviation from the specified frequency pulling range 


FREQUENCY RANGE_ : 2MHz to 15MHz 

METHOD OF SEALING : Cold Weld 

MODE OF VIBRATION : AT-cut 
Fundamental 
Thickness-shear 


LAOD CAPACITANCE: (S), 20pF, 30pF, 


Le 


DRIVE LEVEL 
0.8 to 3MHz > ImW, 2mW, 5mW 
3 to 15MHz :0.5mW, 1mW, 2mW 


Frequency tolerance (at 25+3°C) 
fe) | 
+10ppm +15ppm +20ppm +30ppm | oto 50°C | ss 
fe} 


—5 to 55°C | 


Aging —10 to 60°C aaa 
—15 to 65°C 
= a 
-20t070°C| 
+1ppm +3ppm/year 
_ttppm | #3ppm/year_ —25 to 75°C 


—30 to 80°C 
Resonance resistance (f,) L | —40 to 90°C 
—55 to105°C 


Frequency Ry 

2 to 3 us ele Aa Fund 2502 max 
3 to 5 MHz Fund 

5 to 7 MHz Fund 502 

7 to 10 MHz Fund 252 
10 to 15 MHz 


Outline drawing 
Size in mm 


mm inch 

HC-36/U (Cold weld) HC-47/U (Cold weld) 0.05 002 
0.25 .010 

9.Omax 0.38 015 

6.05 ee = 0.76 ‘030 

20.0max See ez) .050 

ies 7 7.4max 20.0max ‘ 20.0min 6.05 238 
im Ps eee 7.4 .291 

: L 9.0 1354 

12.34 486 

17.6 693 

= 19.3 560 

ly 20.0 ‘787 


c 
E 


UJ) 
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19.3max 
17.6max 
12.34+0.2 


5 


7+0.0 


$1.2 


Oo | 
+1) 
© | 
~ 
ie) 
OQ 


Crystal Units TOYOCOM 


FREQUENCY RANGE : 0.8MHz to 15MHz Frequency stability 
METHOD OF SEALING : Soldering Seal (in operating temperature range referring 25°C) 
MODE OF VIBRATION : AT-cut 


| 
ar ie 
o 


Fundamental 0.8 to 3 MHz 

Thickness-shear 
LOAD CAPACITANCE §: (S), 20pF, 30pF, 
DRIVE LEVEL 


ke] 
se) 
3 
ah 
p=) 


0.8 to 3MHz > mW, 2mW, 5mW 
3 to 15MHz :0.5mW, ImW, 2mW 
Frequency tolerance (at 2543°C) —15 to 65°C 


—20 to 70°C 
—25 to 75°C 


L 
M 


+4ppm/year +6ppm/year 


3 to 15 MHz 
+75 | +10 | +15 | +2 
Resonance resistance (R,) ppm | ppm | ppm | ppm | ppm 
0 to 50°C ee 
Frequency Rr rar 
1 to 1.5 MHz Fund 6002 


1.5 to 2 MHz Fund 4002 
2 to 3 MHz Fund 2502 
3 to 4 MHz Fund 1102 
4 to 5 MHz Fund 702 
5 to 7 MHz Fund 502 
7 to 10 MHz Fund 252 

10 to 15 MHz Fund 202 


—30 to 80°C 
L | —40 to 90°C 
—55 to 105°C 


Outline drawing 
Size in mm 


EI 
ols 
5 
3, 


‘ 
HC-6/U (Solder Seal) HC-33/U (Solder Seal) Coe a 
0.25 010 
0.38 015 
0.76 030 
1.27 050 
8.94max ree aay , 8.94max 6.05 238 
pees 6.05 _6 38 i 19.69max 38.1min 8.05 317 
9 ax ; c 9.69M<e . 4 352 
8.05max a i Se: = 1234 486 
| | | 18.42 725 
| a ee ae 19.23 757 
i 19.69 775 
Le if LTE 38.1 1.106 
3 Palle « ares n] 
5 = | a Bal 
_ : Tt oO} 
ee) 2| oo | CN 


@0.76+0.05 
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FREQUENCY RANGE: 180kHz to 750kHz Frsadeher seat 
METHOD OF SEALING : Solder Seal (in med: poner tt tes range referring 25°C) 
MODE OF VIBRATION : Fundamental 
: 180kHz to 350kHz DT-out 
: 800kHz to 750kHz CT-out 


LOAD CAPACITANCE: (S), 30pF 
DRIVE LEVEL Sai, cna [910 50°C 


Frequency tolerance (at 2543°C) 15 to 65°C 


6-010 70% 


Resonance resistance (R,) 


Frequency Ry 

180 to 250 kHz 2 kQ max 
250 to 300 kHz SHS) [RD 

300 to 350 kHz 1.8 kQ 

350 to 450 kHz 2.1 kQ 

450 to 550 kHz 20 KS 

550 to 600 kHz | 3kQ2 

600 to 700 kHz we Aka 
700 to 750 kHz 5kQ 


See eee 


Outline drawing 


Size in mm 


HC-6/U (Solder Seal) HC-33/U (Solder Seal) 
0.05 ee 
0.2 .008 
0.25 .010 
8.94max 05 +0.25 1 8.94max en pes 


ce ak 


: 6. 
49.69max —0.38 ; 19.69max 38.1min 1.27 -050 
+= 8.05max Ser oe : 6.05 238 

max a . 

8.05ma ig | 8.05 ‘317 
| eet biel (ben. | 8.94 352 
| 12.34 A86 
18.42 725 


max 


w 
ioe} 
j=} 
oO 


4+0 


18.42ma 
: 0.2 

oo 

OW 

Ow 

NN 

a0 

an 


i 


19.23max 
18.42max 
34+0.2 
ae 
19 


@1.27+0.05 
@0.76+0.05 
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These crystal units are encapsulated in the small glass tube. Resonance resistance (R,) 
Lead wire type terminals are provided. 


FREQUENCY RANGE. : 2kHz to 180kHz Beene! Be hreabency, Rr 
METHOD OF SEALING : Glass Seal 

MODE OF VIBRATION : Fundamental 2 to 2.5 kHz s 12 to 16 kHz 15kQ max 
NT-cut, X-cut 2.5 to 3 kHz - 16 to 21 kHz 10kQ 
; LOAD CAPACITANCE : (S), 3OpF, 60pF, 100pF, 3 to 3.5 kHz 85 kQ max 21 to 25 kHz 15kQ 
3.5 to 4 kHz 75 kQ 25 to 35 kHz 10k2 
Frequency tolerance (at 2543°C) 4to6kHz | 60k2 35 to 50 kHz 7kQ 
Frequency 5 to 6 kHz 45 kQ 50 to 70 kHz 0.6k2 
2 to 21 kHz 6 to 8 kHz 30 kQ 70 to 80 kHz 0.8k2 
21 to 85 kHz 8 to 9 kHz 25 kQ 80 to 100 kHz 0.8k2 
50_to 180 kHz 9 to 12 kHz 20 ka 100 to 180 kHz 0.9k2 


Drive level Frequency stability 


Frequency (in operating temperature range referring 25°C) 


Peon kHz 
21 to 55 kHz 
50 to 180 kHz 


0 to 50°C 


“} 
—5 to 55°C 


Aging 


+5ppm/year 


+7ppm/year 


Outline drawing 
Size in mm 


MT-N (Glass Seal) RMT-N (Glass Seal) cae = 016 
~1o9 . 
: 14.8 ‘583 
Lmax 30min ; 19.5 768 
14.8max Lmax 30min 20.0 .787 
30 1.181 
40 1.575 
90 3.543 
ll 


19 .5max 


20.0max 


0.4 


0 


SMT-N (Glass Seal) 


Lmax 30min 


bi 
— 


| Il 


L=40-90 


a 
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Holder: UM-1 with metal jacket Frequency stability 
(in operating temperature range referring 25 C) Gas 


Feature 
@ Available to Surface Mount Technology 
@ Available to IR-reflow process 0 | 5 | 
@ All Characteristics are same to UM-1 
FREQUENCY RANGE : 10MHz to 200MHz 
METHOD OF SEALING: Resistance Weld 
MODE OF VIBRATION : AT-cut 
Fundamental, 3rd, 5th, 7th 
Thickness shear —20 to 70°C 
LOAD CAPACITANCE : (S)20pF, 30pF, —25 to 75°C 
DRIVE LEVEL : 0.5mW, 1mW, 2mW 


—40 to 90°C 


—55 to 105°C 


Frequency tolerance (at 2543°C) 


Resonance resistance (R,) 
Frequency Mode | Rr 


10 to 15 MHz Fund 40 2 max —40 to 90°C 


15 to 30 MHz Fund 25 2 —55 to 105°C 
25 to 30 MHz 3rd 50 2 
30 to 90 MHz 3rd 452 “High frequency fundamental crystals in UM-1 are available on request. 
Je Details are listed on page 16. 
50 to 150 MHz 5th 602 
1 
90 to 200 MHz 7th (902) 


Outline drawing 


Size in mm yee 5 


x| A x 04 004 

EI? g 0.2 008 
a i x 0.25 01 

= iste 0.35 014 
127 05 

Re 1.76 069 

Ne 29 22 081 

2 2.54 100 

(=) 3575 148 

Se 4.5 177 

7.8 307 


2.2+0.25 


| 1.27+0.25 


28 


elay 


Group d 


29 


Crystal Filters 


TOYOCOM 


1. Outline of TOYOCOM CRYSTAL FILTERS 

1. 1 Conventional Crystal Filters 

TOYOCOM manufactures crystal filters with frequency 
ranges of between several kHz and 300 MHz, and band- 
widths of between 0.001% and 2%, for a broad range of 
applications such as: 

@ Radio communications equipment 

@ Transmission communications equipment 

@ Microwave and coaxial cable system equipment 

@ Satellite communications equipment 

@ Avionics and marine radio equipment 

@ Measuring equipment 

@ PCM multiplex system equipment 

Of these filters, those which use the AT-cut thickness 
shear mode crystal resonators, shown in Fig. 1, have been 
developed in a series of products well known for their 
advanced design and high quality, and having the features 
shown in Table 1. Among the features they share in 
common are the following: 


Sharp selectivity: Extremely sharp selectivity has been 
achieved through attenuation pole design technique. The 
SSB filter series is a typical example. 


Small insertion loss: Small insertion loss has been achieved 
by using high Q crystal resonators, built with our own high 
quality synthetic quartz, and low-loss transformers. 


Linear phase filter: Linear phase filter has been developed 
with unique TOYOCOM design, combining the best chara- 
Cteristics of Gaussian type flat group delay and Chebyshev 
type sharp selectivity. These filters are suitable for the 
demand for digital mobile communications equipment. 


Pilot filter: It is bound for PCM multiplex system. To meet 
an increasing need in the LAN market, we newly developed 
a small-sized and high-performance pilot filter for timing 
recovery. 

1.2 HCM filter (Tandem monolithic crystal filter) 

The HCM filter, a TOYOCOM original, has the following 


Table 1. Applications of TOYOCOM crystal filters and HCM filters 


features. A large number of these filters are in use as IF 
filter for mobile radio communications equipment. We 
developed the following series and diversified our range to 
respond to needs for miniaturization, non-adjustment, 
cost-reduction for the mobile radio communications 
equipment. 

@ TQF-880 series: With HCM resonators (45 MHz = funda- 
mental mode, 70 through 95 MHz = 3rd overtone mode), 
the characteristics of linear phase are obtained with the 
small packages (T-2: 3.5cc, S-428: 1.8cc) 

@ Fundamental mode 45 MHz series and VHF series: 
These series have been developed mainly for the UHF 
cellular system and are very suitable to miniaturize the 
equipment and eliminate its adjustment. 

@ Ultra-miniature UM-5 series: This is a fundamental 2- 
pole HCM filter series specially for VHF low-band paging 
system and with a low profile type (height = 6 mm) a very 
high image rejection (60 dB) can be obtainable. 


Compact design: The H-type series and UM-1 holder 
developed by TOYOCOM are recognized as the IEC 
Standard holders and are suitable to reduction of equip- 
ment size. 


High reliability: Shock-proof and aging characteristics 
have been improved through the use of a special resis- 
tance welded holder. In particular the UM-1 and VHF 
series are widely used In paging receivers and UHF band 
mobile telephone equipment. 


Excellent intermodulation characteristics: Abundant de- 
sign experience and expert manufacturing knowhow of 
the coupled resonators have achieved excellent inter- 
modulation characteristics. 


Various standard products at low cost: TOYOCOM has 
prepared various kinds of standard HCM filters with 
the channel spacing between 12.5 kHz and 50 kHz at low 
cost. 


Applications 
yes als Te Mina Ne Eb dask ue Hs IF filter | Pitot 
Series of range of —| filter Others 
filter (MHz) pole Chebyshev Linear Mobile Cordless Paging 
phase telephone telephone | receiver 
TQF-800 Crystal filter 10.7 to 90 2to 8 O O | e) 
TQF-880 HCM filter 45, 70 to 95 4 O oO O 
10.7 MHz series HCM filter 10.7 2 to 10 O O 
21.4 MHz series HCM filter 2.4 2 to 10 e) Oo 
45 (Funda.) 2to 8 O O e) 
45 MHz series HCM filter + 
45 (3rd) 2to4 e) | O O O 
VHF element series HCM filter 50 to 90 2to4 O | O O e) 
TQF-600 HCM filter | 70to 100 4 O O oO 
UM-5 series HCM filter Z led tonoO 2 Oo O 
TOF-491 Crystal filter 30 to 150 2 O oN 


Uo 
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Passband width 


100kH 


10kHz 


1kHz 


ee 


3 
N 
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ett 
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1OMHz 100MHz 
Fig. 1 Availability of TOYOCOM crystal filters (thickness shear mode) 
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Terms and definitions 


—e SN 


Ter alae 
ies 2 ae 

Center frequency fo (MHz) A frequency given in the specification, to which other frequencies may 

or (kHz) be referred. 

Passband B1 (kHz) A band of frequencies B1 in which the attenuation is equal to or less 

A1 (dB) than a specified value A1. 
Stopband B2 (kHz) Bands of frequencies B2 and B3 in which the attenuations are equal to 
A2 (dB) or greater than specified values A2 and A3 respectively. 
and 
B2 (kHz) 
A3 (dB) 
Insertion loss L (dB) The logarithmic ratio of the power delivered to the load impedance be- 
fore insertion of the filter to the power delivered to the load impedance 
after insertion of the filter. 
(Passband) Ripple R (dB) The difference between the maximum and minimum attenuations 
within a passband. 
Guaranteed attenuation A3 (dB) The maximal guaranteed attenuation at the specified frequency range. 
Spurious response A4 (dB) Minimum attenuation caused by extraordinary response in the stop- 
band. Spurious response usually appears at a higher frequency than the 
center frequency. 
Group delay distortion At The difference between the maximum and minimum group delay within 
(usec) a passband B1 unless otherwise specified. 

Terminating impedance Zt Either of the impedances presented to the filter by the source or by the 
Rt//Ct load, and described the resistive portion (Rt) and the parallel capacitive 
(Q//pF) portion (Ct) including stray capacitance. 
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Test fixture 


Ro : 502 or 752 
Fig. 2 Attenuation measurement 


Reference level (L dBm) 


fo fotaf fot+24f 


Calibration 


or 


(dBm) 


lp=pi,4 + 
Pint> B 


Note: .lp: Intercept point 


fo + 2Af 


TOYOCOM 


Group delay measuring equipment 


Fig. 3 Group delay measurement 


Reference level (L dBm) 


IM=B dB 


fo fotdf 


Test 


fot+24f 


(dB) at Input level of point A (Pin) 


Test Spectrum 
Fixture analyzer 


Fig. 4 Intermodulation measurement 
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Test circuit (HCM Resonator Type) 


Pairing indication (dot marks) 


2-pole HCM filter 4-pole HCM filter 


Pairing indication (dot marks) 


2-pole HCM filter 4-pole HCM filter 


Terminating impedance: Zt = Rt (QQ)//Ct + a (pF) 
Coupling impedance: Zc = Cc + a@ (pF) 


R 
A el Lay aa, : Q: unloaded O of coil 
Qwo 
wees Wo: Info 
10W 9 1 1 
C: + = fe 
t W2Lt Ct Cc W2L Ce 
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Se ee 


ea / Center 
| frequency 


i 
pole 


—300 —200 -100 O +100+200 +300 (kHz) 


Ef 105 os 
SE a a 
We 8 


90 


—300—200—-100 O +100 +200+300 (kHz) 


MAX. 25 


(0.984) 


*|ntermodulation 
test parameters 
Input level AF 


Case 


 TOF-600B | 70 to 100 Boe aio) o0tes50. 7s) 910 **S.428 
 FraF-6038 | 70 to 100 pomssn ltrs esi (kez aes [ore [fis | so. ee 
‘TOF-603C | 70 to 100 Ser 10ny 20 ere oe eye. 9507). 6 15 Vea —20 2 
TOF-6000 | 70 10 100 3475 75-910 25 |[F*S.426 
TQF-603D | 70 to 100 Shesat ol) 300225) 78. +910 —20 gL ied2 
*3rd order IM products (fo) -95 dBm max. **Non-washable Operating temperature range: —30°C to +80°C 
Electrical data 
TQF-600B ATT (dB) fo=90MHz fo = 90 MHz 


TQF-603C ATT (dB) 
90 


—150—-100 —50 O- +50/+100 +150 


Delay ANIME 

(us) (dB) 
60 + 8 
50} 7 
40 6 
30 5 
20 4 
i T 
—15 —10 —5 O are) a hO} aatite: 
(kHz) 


MAX. 14 


(0.551) 


(0.394) 


(0.157) 


Delay ATT Delay ATT 
(us) (dB) (us) 
50 8 50 
40 v 40 
30 6 30} 
20 is 20 
10 4 10 
[at ae ee 
=o0—20)—10 0 +10 +20 +30 —30 —20 —10 @ sri) 22210) see 
(kHz) (kHz) 
Outline drawing Rese & 
abe (0.728) 
Lebel : 
les cs a) 833 
ye “iets! < S 
Rae oN 
(0.157) 
a = our 
| x : whe 
= =) : “= 4-90.75 
Se (0.030) 
= 
16.06) 2s re rd 
(IN), (OUT) *,1 = 
| te i ale i Solderies 
11693 | ¥ 
S-428 (0.456 


iy) 


(0.315) 
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Cénter Nowof Stopband Group delay Terminating 4  - 
Type frequency ia distortion impedance | Case 
(MHz) | PC! | (ap) (kHz) | (dB) (kHz) | (4B) (kHz) | z1(9) | 

TOF-880A_ | 701095 4 £4.5.;.| 9 Val) = a2 hes Ue peole T-2 


TOF-8808 15 #125 | 75-910 12 


pe 
bstiedice 


HIHPIHIHIAITA 
AIa;ya;a;asa 
fl 


TQF-880C OY et el pee eee 75 —910 T-2 
TOF-881C ie Bd oe a 75" Ee=910 *S-428 
TQF-880D pee lee 210 Ad) S90) 25 75. —910 2 
TOF-881D 3 +10 ioa Pe 75-910 *S.428 
*Non-washable Operating temperature range: —20°C to +70°C 
Electrical data 
TQF-880A fo = 90 MHz fo = 45 MHz TQF-881D fo = 45 MHz 


ATT (dB) 
| 


SE Eee ee eee Se SS SS ee ae a Ss I — 
—60 —40 —20 6) +20 +40 +60 —90 —60 —30 O +30 +60 +90 —120 —80 —40 O +40 +80 +120 
(kHz) (kHz) (kHz) 
oe ATT ee: ATT "a ATT 
) (dB) 2 (dB) ee (dB) 
_ + ~ — rs —+ at + + | ———+ T 4) joel + 

7 40 

7 85 

; 30 

r 3 27 

| 

2 20 

Be a, —_ 

ie oa A a a. 
—8 -—4 O +4 +8 (kHz) —10 —5 O +5 -FTOMikitey 

Outline drawing 
MAX. 18.5 
Uebel (0.728) Uo MAK 
fs _ (0.984) (0.551) 
3-94 : ? el2® 


(0.157) 


(0.157) (0.394) 


4—90.75 
(0.030) 


0. MI 
“03 | 4. |MAX.10.5 
(0.413) 
re: +0.5 
+ boa 05 
(0.157) 


(0.315) 


Solderies 


S429 ig sears 
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Max. Guaranteed Terminating Coupling 


Type. pole ripple loss attenuation impedance impedance Case 
| (dB) (kHz) | (dB) (kHz) | (dB) | (dB) | (dB) (kHz) | Zt (9//pF) | Zc (pF) 
65-910 200//4 UM-1 
| 40 | 90 +910 | 350//6.5 18 (UM-1) x 2 
80 
5 


45E1FF 
45E2FF 
45E3FF 


| ee 
fee, 8 | 83.75 | 70 4125 | 

ee 

ae 


350//5 H-1 


2001260 350//5 H-1 
45E1BF {51 ek 25 2.0 
45E2BF SEP S76 N30 06 1.0 


H-1 
H-1 


45E3BF 
45E4BF 
45E1AF 
45E2AF 


& +7.5 60 +25 
2 Pie) 80 +25 


[sprees 
Petites | 
[pene 
eae 

65 650//3 UM-1 
Sa ae San Se ee 
80 +910 650//1.5 


Operating temperature range: —30°C to +80°C 
Electrical data 


45E1BF ATT (dB) fo = 45.0 MHz 
90 


—600—400—200 0 +200+400 +600 (kHz) -—300—200-100 O +100 +200+300 (kHz) -—45 —30 -15 O +15 +30 +45(kHz) 
ATT (dB) ATT (dB) ATT (dB) 


—12 -8 —4 O +4 +8 +12 (kHz) —6 -4 -2 OF +2944 +6 (kHz) —12 -8 -4 Ome AS Omi krz) 


Outline drawing See Markina 


a 
Ol 
SP 
18Min__ 8.0May_ 
(.708Min) __(.315Max) eS 
SS 


(in mm) 


all 
at te 


5+0. 
(.148+1 .008) (014) 


25 u 078 


012 


(in inch) 


UM-1 
(resistance weld) 


id, 
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Nov ote : Guaranteed Terminating Coupling 

Type pole ripple attenuation impedance impedance 56, 

(dB) (kHz) (dB) (kHz) (dB) (dB) (kHz) Zt (2//pF) Zc (pF) eee,” 
45E1F ar Faveel. 10 mista 35 .: #910 «| 20K//=04 |-  -— o= | aa 
45E2F2 3 43.75 | 30 +125 75 #910 | 3.0K//-0.3 (UM-1) x 2 
45E2FU 3) 23.75 [30s 2125 wm 2910 | 60 | = 
45E2FT 343.75 | 30 212.6 76 5/2910 4] 0 |e 
aEzE2 0] 4 | 8 e758 | 30428 4.0K//—0.8 (UM-1) x 2 


*Non-washable Operating temperature range: —30°C to +80°C : 


Electrical data 


Q45E2F2" ATT 


(d 45E2BT att (dB) fo=45.0 MHz : 
90 ) 


—300—200—-100 O +100+200 +300 (kHz) —300—200—-100 0 +100 +200+300 (kHz) -—600—400—200 0 +200 +400 +600 (kHz) 
ATT (dB) ATT (dB) ATT (dB) 


-—6 -4 -2 OM a eee Oni) —6 -4 -2 O24 6 (Kriz) —12 -8 -4 O 44° 48 -FIAKEe) 


MAX. 18.5 
pees MAX. 14 
(.122mux) Lebel (0.728) MAX. 25 


(0.984) EK 


(0.157) (0.394) 


wo 
oo 
ae | 
v 
4—90.75 
(0.030) 
t0.3 


Solderies 


== a 
3.75+0.3 0.359 
(148+ 008) (014) 


UM-1 


(resistance weld) 


(0.315) 
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-70E2B2 


70E2D2 


90E1B 


90E1D 


90E2B2 


90E2D2 


Center 


| frequency 
| (MHz) 


pole ripple 
(dB) (kHz) | (dB) (kHz) 


(dB) 


7O0E2D2 


ATT (dB) 90E 


90 


fo = 7OMHz 


Guaranteed 
attenuation 
(dB) (kHz) 
16) aro O]0ite) <r iOlele, 
35 —200 to —1000 


35 +500 to +1000 


TOYOCOM 


Terminating 
impedance 
Zt (2//pF) 


Coupling 
impedance 
Zc (pF) 


Case 


fesse | = 
Peso | =| 


—200 to —1000 
2 SRE [ower as ne 
ae ern eee (UM) x2 
Au Sh ope eels uw 
os SS Se ae uM 
ee er o5u) Oa NUMA) x2 


75 —200 to —1000 


as +500 to +1000 
—200 to —1000 


2b2 ATT (dB) 


sovi-o8 | -08 | uM) x2 


Operating temperature: —30°C to +80°C 


fo = VOMHz 


90 


20 1 +—— + +--+ — 
reetel = 140—4+ ne | f 
ees 
Ei00neO- 100° 200 300 —150-100 50 0 50 100 150 200 250 300 
H 
ATT (dB) iKRiZ) ATT (dB) (kHz) 
4 ( /503 
4t 408 
3 306 
Ze +4209 
le 
1 /10§ 
512) 400 44. «+12 «+20 i508) 60) 5 910 -15 
(kHz) (kHz) 
fo = TOMHz fo = 9OMHz 


Outline drawing 
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3.75+0.3 0.35 
(.148+.008) (014) 


UM-1 
(resistance weld) 
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Group delay Terminating — 


Center 


Type frequency p ol a loss distortion impedance 
(MHz) ee ee (dB) kHz) _| (dB) Zt (S//pF) 


TQF-840A 
TQF-840B 
TQF-840C 
TQF-840D 
TQF-850A 
TQF-850B 
TQF-850C 


Operating temperature range: —20 to +70°C 


Electrical data 
TOF-840B ATT fo = 7OMHz TQF-840D uae fo = 7OMHz TOF-850C_ ATT fo = 80MHz 


So ae ae ie “[ fo=omHz — '4P) 

70 = 70 70 

i sa 2 eeu a 

50 i, dp 

{| 40 : 40 * 
30 30 , 30 
20 20 a} 

i een 

| 

a | 


= 


—150—-100 —50 O +50 +100 +150 {kHz) —100 —50 O +50 +100 (kHz) —120 —80 —40 +40 +80 +120 (kHz) 
Group delay ATT Group delay ATT Group delay ATT 
(uS) [ (dB) (ys) (dB) (yS)[—__ (dB) 
30 } 20 8 30 9 
25 15 (- ry, 25 8 
20 10 6 20 v 
15 5} 5 15 6 
10 + he 10 5 


| 
-—10 —5 ) +5 +10 (kHz) —20 —10 0 +10 +20 (kHz) —20 —-10 90 £+410 +20 (kHz) 


Outline drawing 


55.5max 
~~ (2.185max) 


x 
x| © 
ole 
\8 
N|® 
—— K 
& 2-M3 
s 2 
o|— 46 
Iz = = 
alt 5 Re 
ee = ek 
Oo © baa 
is : 


. 2-61 


$.98 (9.04) $-411 


1.0 
(.039) 


40 
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ean Center Pahand Max Group delay Terminating 
Paelype: frequency loss distortion impedance Case 
. fee (dB) (kHz) | (4B) (kHz) | (dB) (kHz) | (dB) (us) Zt (Q//pF) 
/—_TOF-820A Se ae S411 
TOF-820B eee ee Het!" 6d e826 4 500//10 | $411 
1g oy see ai 
‘TOF-821A 3 £15 a 3 60 . #120 S-411 
Geese 214 | 6 | 3 275 | 40 228 60 £35 5 500//10 | S-411 
i ae ee: 60 N66 4 500//10 | $-411 
TOF-823A | 21.4 3 500//10 | $-98 
TOF-8238 | 21.4 os 3 +30 40 (120 -|~ 60 “150 | 6 | 2 | soo/0 |so8 
Operating temperature range: —20 to +70°C 
Electrical data 
TOF-820B ATT (dB) TQF-822B ATT (dB) TQF-822C 


Jka 
et 80 


= NL Wr Se On Cp ee ee 
oO OC OO + Om oOnmonme 


| 
—60 —40—-20 0 +20 +40 +60 (kHz) —60 —40 —20 0 +20 +40 +60 (kHz) -60 -40 -20 0 +20 +40 +60(kHz) 
ee ee, igen ar 
ot 60 Si ae ‘aaa +6 50 - 
45 50 5 40 6 
4O 40 +4 30 | {5 
35 30 43 20 | 4 
30 20;;,— + ea = ———1:2 10 HW}—_+__+__+— | 3 
a ~ a | faa 
S28 4.0 44°*48 412 (kHz) -12 -8 -4 0 +4 48 412 Wide 26, 60° 45 <+10 (kz) 
Outline drawing [—itstome—J raed 7 
a) | \x 
le +8, ry t 
pi ; . 
iG : | | 
sai $-98 | 


4] 


TOYOCOM 


Crustal Filters 


Terminating | 


on Mec | See sears ae 
(dB) Zt (S//pF) 

TOF-800A P- = [ow +2 | 3 | 2 | sooOm 

TOF-8008 A 7 S-287 

ipa 107 | 6 | 3 | ee aleao 76 SuESe S-287 

febsozes|10.7  |- 6. | 3 - 28 aieg0 +20 4 500//10 | S-287 
Operating temperature range: —20 to +70°C 

Elec TOF-803A TOF-804A a 

im 


30 
| Be 
=60N— 4020 0 +20 +40 +60 (kHz) —60 -—40 —20 O +20 +40 +60 (kHz) (69 240 220 0 20N40N50mE Ee) 
Group delay ATT Group delay ATT Group delay 
(uS)[ (dB) (uS) (dB) (us) Adm 
(dB) 
70 | 9 70 6 100 6 
60 14 60 5 90 & 
50 +3 50 4 80 4 
40 az 40 3 70 3 
30 t | 1 30 | fe ic ip 2 
si ms 1 i 60p 1? 
2 + 2 ee ee O +4 +48 +12 
12 8 4 0 +4 8 pe (kHz) | 2 oe @) +4 +8 +412 (kHz) 
Outline drawing 
= 55.5ma ex 45.3 max 
V2 185max) | ~(1.783max) = 
‘@ . 1 | 
(.040) 
Oo M3 36 = 
|| aa 46 eas Seen ee 
(1.811) —_ = 
= JE(+ t. 
Mi 
S-287 


42 


Crystal Filters TOYOCOM 


Max. Guaranteed Terminating | Operating 
loss eo impedance |temperature| Case 
(dB) | (dB)  (fo+kHz) | Zt (2//pF) 3G) 


21J1F eames? «23.75 | 2001418 0.5 | 1.5 | 35 +350to+1000 | 850//6 |-40to+80] UM-1 
es 50 —200 to —1000 
21J2F2, GP) 225-75) | 40214 1.0 | 25 | 65 +350to+1000 | 850//5 | —40 to +80 | (UM-1)x2 
80 —200 to —1000| Zc : 16 pF 
65 


24F | 68 | 3) +375 | 65 #90 | 90 +125 | 20 | 40 | 90 2125to#300 | 50/5 |-40to+80]  H-1 
Ti4F01J | 8 | 3 +375 | 70 +90 | 90 +125 | 20 | 45 | 90 +125t0+300 | 910//15 |-40to+80|  T-1 
Taarois| 8 | 3 +375 |65 +90 |90 +125 | 20 | 45 | 90 #125t02#300 | 470/15 |-40tot+s0| 1-2 
21J5F 6 +375 | 75 +90 | 90 +100 | 20 | 5.0 H-2 


Electrical data 


21J1F ATT (dB) 21J4F ATT (dB) T14F01-J3 ATT (dB) 
90 9 90 


ATT (dB) 


-NWAOMD 


~300 —200 —100 0 100 200 300 (kHz) ae a OM rn 12 (kHz) Pea A= 8 12 (kHz) 
oad 2 24.6 6 pe Fe es) 


Outline drawing 
MAX. 25 MAX 
(0.984) (0.551) 


Ww 
Sz 
S 3 


(0.394) 


{iz 
S) 
iN) 
Sond 
(.480) 


(0.157) 


| 
| 
i 


+05 
3.2 
(126) 


| 8.0 max| 


4(.157) 


ae: ——;— 4-90.75 
€ x 
ele oe (0.030) 
eS &¢ 
ar 12 or, 
ey g af 6 
call hw 2 | oO 
\ - 4 4 jy 2 
A aloe 157) 32 (157) 
3.75+0.3 0.35¢ pce (1,260) = =a 
(.148+.008) (014) 38.4 max —— 
(1.512max) 


(resistance weld) 
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Crustal Filters TOYOCOM 


> 
= 


Passband Stopband 


Guaranteed Terminating | Operating 
attenuation impedance temperature 
(dB)  (fo+kHz) | Zt (Q//pF) (°C) 


0.5 15>} 35 ~ +350 ta #10004 al 2K/Vs —40 to +80 
50 —200 to —1000 


Type 


(dB) (kHz) 


21J2E2 (UM-1)x2 


pen 3 +6.0 40 +20 etd cee 65 +350 to +1000 
80  —200 to —1000 | Zc: 10.5 pF 


T14E01-J 
T24E01-J 


Electrical data 


21J1E ATT (dB) 21J3E 21J4E ATT (dB) 
WE bi lee ca 198 
; 80 
| | 
be 
| 
lea 
ies es ri 
ee ! He it 
es —90 ei 
ATT (dB) ATT (dB) ATT (dB) 
G dint 6 | 6 | | | 
5 4 5 5 
41+ 4 | 4 + 
ch | 3 SE 
2 2 PRN 
1 1 1h 
Weals Ep, 2 Oa Se) | eee ee 
—300—200—-100 O 100 200 300 (kHz) —30 —-20-10 O 10 20 30 (kHz) —30 —20 -10 0O 10 20° 30(krz} 
-12 -8 -4 4 eh -12 -8 -4 4 Saez —12 -8 -4 4 Se ale 
Outline drawing 
Marking — 
ae AS es a ee 
= f: [2.0 | 0.3 


Hoi] 110] as 1s] 74) 

H-2 [13.4] 85 1.0, 98 2.0 | 0.3 
H-3] 15 [12 [15 | 9.0/25 [043 
H-4 | 185[12 [15 [134/25 | 0.43 
H-5 [23 | 12 [45 17-8 (251 043 
H-6 | 28 |12 [15 [222/25 | 0.43 


ies 


7Tmin 
(.275min) 


a 


(in mm) 


WwW. H 


=a = a | ESSERE DS 
| H=1_|_.433 | 1335) /-452 | 291 [078/012 
uf H=2 | .527 | .3365 | .433 | 386 | .078| 012 
l H=3 | .590 | .472 | .590 | .354 | .098] .017 
les - H-4 | .728 | .472 | .590 | .527 | .098| .017 
iN ae H-5 | .906 | .472 | 590 | .701 | .098] .017 

H-6 | 1.104 .472 | .590 | .874 | .098] .017 


‘(H-3) ~ (H-5) 


(in inch) 


ee aaa ee 


Crystal Filters TOYOCOM 


ae Stopband Max. | Max. Guaranteed Terminating | Operating 

Ty ripple | loss attenuation impedance | temperature Case 
a be (kHz) | (dB) (kHz) | (dB) | (dB) | (dB) = (fo# kHz) | Zt (Q//pF) 
2118 | Pais 47.5.4 18.-) 225 0.5 | 1.5 | 35 +350to+1000 | 1.5k//2.5 |—40to +80 | UM-1 

" 50 —200 to —1000 
21J2B2 4 iS 25) 40 eae AS) LO 2.0 65 +350 to +1000 1.5k//2.0 | —40 to +80 | (UM-1)x2 

. 80 —200 to —1000} Zc: 8pF 
: 5 


a al 6 | 65 425102300 | 1.5k//2.0 |-40t0 +80) H-1 
Ti4g015| 8 | 3 +75 | 70 +4175 | 90 +25 90 
T24p01) | 8 | 3 +75 | 65 417.5 2.0 


2. 
ES +25 to +300 910//15 —40 to +80 T-1 


40 | 90 +25 to +300 470//15 |—40to+80| T-2 
90 +18 to +300 1.5k//2.0--|-40t0 +80 | -H-2 


Electrical data 


21J2B2_ TT (dB) 21J4B ATT (dB) 21J5B ATT (dB) 
1 90 - 90— ae ame 90 =I 
—+ 
‘i 
ATT 
6 
5+ 
4 
3 
B —- 
1 
L ns 
-30 -20-10 0 10 20 30 (kHz) -—30 -20 -10 0 10 20 30 (kHz) =30'—20 —109 0" 10° 20 30 (kHz) 
=12 -8 —4 4°08 12 IZ 84 4 8 12 UE ey ee At 312 
Outline drawing 
Ee WwW i _A B Dd 
3.1Mas a M Marking ‘H-1 | 11.0 | elite aatao 0.3 
7.8Ma» 122Max) 7 
T(.307) | £ 
I | | 
als 


( 


SieerwiKeeE [452 | 291 | .078| .012 
=D 527 | 335 [433 | (386 | .078 012 

590 | .472 [590 | .354 | .098| .017 
728 | .472 | [590 | .527 | 
906 | .472 | .590 | [701 
1.104 .472 | .590 | .874 


p 
maen 008) (.014) 


UM-1 


(resistance weld) 


.098| .017, 
098] .017 
098] . 


nt ree (in inch) 
(H-1) ~ (H-5) 
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Crystal Filters TOYOCOM 


Max. Guaranteed Terminating | Operating © 
loss attenuation impedance | temperature 
(dB) | (dB) = (fo + kHz) =| Zt (Q//pF) (°C) 


1.5 | 35 +350 to +1000 | 1.5k//1.0 | —40 to +80 
45  —300 to —1000 
5 +350 to +1000 | 2.0k//0.5 | —40 to +80 


—250 to —1000| Zc: 3pF 
—40 to +80 


Max. 
ripple 
(dB) 


Type 


21J2A2 


(UM-1)x2 


21J3A +50 to +300 2. 2RHOS 


80 +50 to +300 2.2k//0.5 | —40 to +80 


+ +50 
Ss +15 45 £35 6 +50 es 
3 +15 65 #35 +50 Be. 
35 g: py 90 +50 to +300 910//15 —40 to +80 
35 + Zh 


8 
+ 
3 #154 65 esse v[re0m beso. 6] cao. faite) Goleneoueccen gin ness =eaamae 


T14A01-J 
T24A01-J 


Electrical data 


21J1A ATT (dB) 21J2A2 ATT (dB) T24A01-J ATT (dB) 
90 90 7.90 
ie sae (ets Ole Sania: 80 f 
— T 70 7 70 ite 
=! 
| 
ATT (dB) 
: 
5 i. 
4 
3 +: 
2— 
—300 —200 —100 0 100 200 300 (kHz) —60 —40 —20 (e) 20 40 60 (kHz) =60Ne 40m 20 6) 20 40 60 (kHz) 
—24 -16 -8 8 16 24 —24 -16 -8 8 16 24 —24 -16 -8 8 16 24 


Outline drawing 


MAX. 25 MAX. 14 


(0.984) (0.551) 


be, 
12.2Max 
(.480) 


z 
i Ye 5% 
= | to lo o 
= a Bain r 
6 =i Ne 
= ! S 
+ ey ee S 
aps 4—00.75 
Sods (0.030) 
Se 
aor = 
! e 
i=) 
32. (.157) 
(1.260) | f 
38.4 max Aes 
(1.512max) 
T-1 T-2 
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Crystal Filters TOYOCOM 


Termination ee tee 


: Stopband nee Guaranteed Recom- Operating 
nen phthalic mendable |temperature Cana 
impedance | transformer 


(see remark) 


2, 3 Oe 20) weeeS 0:5 1.5 135 +300 to +1000 1.8k//5.0 | —40 to +80 
50  —200 to —1000 
S seh (Aa) WeAtOy Seyi! .O 2.5 |65 +300 to +1000 1.8k//4.5 as —40 to +80 
80  —200 to —1000 | Zc: 12pF 
ae | | 


HC-49/U 


10M2F2 (HC-49/U)x2 


H33F01 
H44F01 
T14F01-M 


£ 1 : 
45 +8.75|65 +125 65 +125t0+300 | 1.8k//3.5 40 to +80 
3 43.75 |65 +875|90 #125 90 +1250 +300 | 1.8k//3.5 —40 to +80 
3 +3.75|70 +8.75|90 #125 90 +#12.5t0+300 | 910/25 —40 to +80 


*See ‘‘matching transformer’ on page 48. 


Electrical data 


10M1F ATT (dB) 10M2F2 ATT (dB) H44F01 ATT (dB) 
as 90 90 
80 +— 80 + 
[ 70 70 = 
60 60 
ee 50 = — 50 + 
+40 Hs + 
ATT (dB) 
pe 30 6 Lt 
5 5 
4 reat 
3 3 
2 | 2 
1 1 
—300—200-100 0 100 200 300 (kHz) ~30 —20 -10 0 10 20° 30 (kHz) =125—8) —4. 0) 4°) 8 | 12)(kHz) 
—6 9) A fh 9G at) =e 26 *Gu 1g = 2 pag eG 


Outline drawing 


4.7 max 
11.1 max (.183) Morklng sy 
(435) So 
lag 
2g 4 I, te 
Ee < 5 | aah ee 
=) ce | S| wis 
isi + Tz 
a Soy (in mm) Be 
ge 
55 ee) oe :: 
&o H—1 |.433 |.335 | .452 | .291 [078 | .012 BM ak 
H—2 | .527 | .335 | 433 | 386 |.078 | .012 et tal AA a 
‘H=3 [590 [472 | 590 | 354 [.098 | 017 | Efe eae Ty 
4.88t03 A306 H—4 |.728 | .472 | 590 | .527 |.098 [.017_ ~ 38.4max— 
(.192+.008) (.017) H—5 | 960 | .472 | .590 | .701 | .098 | .017 
HC-49/U “H-6 |1.102| .472 | 590 | .874 | .098 | .017 
(resistance weld) (H-3) and (H-4) (in inch) Tat 
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Crustal Filters TOYOCOM 


Passband Stopband é Guaranteed | Recom- Operating 
+ No. of tse piven veer mendable temperature 
ype : 
pole impedance | transformer 
(dB) (kHz) |(dB) (kHz) ssh es Sivvel Bae (dB) (fot kHz) | Zt (@//pF) | (see below) | (°C) 


1.8k//2.5 
Zc: 7 pF 


2.8k//1.0 
2.8k//1.0 
910//25 


—A0 to +80 casual 
*3 —A0 to +80 | (HC-49/U)x2 
ie) —40 to +80 H-3 


10M1E +6.0 fee, 0.5 a)\2i258 | S5e5+300 tos 1/000 
40 —200 to —1000 
10M2E2 +6.0 ise. 2)5 565 +300 ton: 11000 
80 —200 to —1000 
H33E01 +6.0 | 45 2:05 |\82.5 +) 65% £20) ta 2300 


H44E01 cme $6.01 65° <= 90 +20 | 20 | 40 |90 +20 to +300 
T14E01M| 8 | 3 +6.0 | + 206.0420 led0l es 


90 +20 to +300 


—40 to +80 H-4 
—40 to +80 T-1 


Electrical data 


10M2E2 ATT (dB) H33E01 ATT (dB) TEL ATT be 
_ 90 7 90 7 90 
+—+— 80 + ; 
+ | SS 
— 
ATT ( 
i 6 
5 
r 4 
cl 3 
2 
+ + + 1 
ul a 
—30 -20-10 0 10 20 30 (kHz) 30-20 -10 0 10 20 30 (kHz) -30 -20-10 0 10 20 30 (kHz) 
Lige sy 4 812 79 2a 4 4 cy -—12 -8 -4 4 812 


Matching transformer 


No. | Type Impedance ratio 
| 009D 1.8k2:9102 
fh) O009C —3.4k2:9102 
aS OO9B | 2.8k2:9102 


5 g 
of | | *4_| 10802 | 3 k®: 2002 
i *5 | 10810 | 3 k®:1kQ 
an aee *6 | 10A02| 5 k2: 2002 
sad _ 
ae 


EL 10A10 | 5 k&:1k2 


4§ 


Crustal Filters TOYOCOM 


Termination 


Max. Guaranteed 


Passband Stopband iopl ; Recom- Operating 
TUR Pee pea wha mendable | temperature c 
eas 4 5 ase 
ane impedance | transformer 
a | (dB) (kHz) |(dB) (kHz) \(dB) (kHz) (dB) = (fo+kHz) =| Zt (Q//pF) | (see remark) (°C) 
10M1B +7.5 118 35 +300 to +1000 | 3.0k//2.0 —40 to+80 | HC-49/U 
av 40  —200 to —1000 
~10M28 So 40 40 +2510 +300 | 3.0k//1.5 -4010+80| 3 
10M2B2 40 65 +300to +1000 | 3.0k//1.5 —40 to +80 | (HC-49/U)x2 
80 —200 to —1000| Zc: 5pF 
iom3aB_ | «6 | 6 £225 +22.5 to +300 | 2.8k//1.0 —A0 to +80 H-3 
1% 
H33B01 | 6 | 3 +25 to +300 3.4k//0.5 —40 to +80 H-3 
1om4B | 68 «(| 6 £20 to #300 | 2.8k//1.0 -40t0+80| +H. 
T14B01-M nee | 3 £25 to +300 | 910//25 _A0 to +80 v1 
10M5B +17.5to +300 | 2.8k//1.0 —40 to +80 H-5 
Electrical data 
10M1B ATT (dB) 10M4B ATT (dB) 10M5B ATT (dB) 
ATT (dB) ATT 
6 6 
Is} 5 
4 4 
3 3 
2 2 
1 1 
—300—200—-100 O 100 200 300 (kHz) —30 —20 —10 ie) 10 20 30 (kHz) —30 —20 -10 O 1020 SOL (Kriz) 
milo * 4 hen Gat? =i 2028 4 Aeaceet2 Aly | 4 8 12 
Outline drawing eon: =iohes 
(.435) ete 
+ | | 
Hd 
ee 
4,88+0.2 0.430 
(,192+.008) (.017) 
HC-49/U 


(resistance weld) 
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Crustal Filters - TOYOCOM 


Guaranteed 


atsantntion ~ Recom- Operating 
mendable | temperature 
impedance | transformer 
(fo + kHz) Zt (Q//pF) | (see below) so 


HC-49/U 


+300 to +1000 
—300 to —1000 


+40 to +300 


+300 to +1000 
—250 to —1000 


+40 to +300 
+50 to +300 


5.0k//O 


* Opel —40 to +80 
5.5k//—1.0 


sh ayes 7) —40 to +80 
Zo 2 0ipE 
* Ona? 


5.5k//—1.0 —40 to +80 
910//25 = —40 to +80 


5.5k//—1.0 


10M2A2 (HC-49/U)x2 


10M4A 
T14A01-M 


10M1A ATT (dB) 10M2A2 ATT (dB) ‘ PISO OT eae 
feta rpot hee eae ae 
| 7 go— | | mee 7 T | 
| = |_| | Loe es | 
= + — + ~ + 
tps aa weal sree ha eae 
| | 
‘co 


ATT (dB) ATT (dB) 
6 6—t 
5 5 
4 4 [ 
3 aT 
2 2— 
1 eal 


fe 
(kHz) 


—300—200-100 0 100 200 300 —60 —40 —20 =60 =40 =20° 0) = 20° ei0mena 
24716) 28 Sy 16) 924 —24 -16 —8 =24——16 8 8 16 24 
Outline drawing Matching transformer 
-——L om pe 


7min 
(.275min) 


5 
= whe 
= He 
| 2.079) 
= i! 
0209) 
jhe 77.157) 
IN 
eal Sad Oh H A B Do 
H-1 | 11.0] 85/115] 7.4[20 | 03 
— =F t = " a 
= é | 34 | a5] Hat cea so +3, No. | Type Impedance ratio 
H-4]185[12115 1134125] 043 ~1_ | 009D | 1.8 k® : 910 2 
H=5) [523 lizehis sl4d781o5 (049 pee) UNG 2 0 a) 
H=6' | 2812 Jan 22225 04s *3_ | 009B | 28k2:9102 
; *4 | 10B02 3 k2Q: 2002 
(in mm 1 | : 
“*5 | 10810 | 3 kQ:1k2 
Jae We BES EAR eee =6 i 10A02 5 KY 20082 
H—1 | .433 | .335 | .452 | .291 | 078} .012 *7 ~10A10 5 kQ:1kA 
H—2 | 527 | .335 | 433 | 386 | 078] .012 —_ > 
H—3 | 590 | 472 | 590 | 354 | 098! 017 
H—4 | .728 | .472 | .590 | 527 | 098] .017 
H-5 | .906 | .472 | 590 |.701 | 098] .017 
H-6 | 1.104.472 | 590 | 874 | .098] .017 


(H-3) ~ (H-5) (in inch) 
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Crustal Filters TOYOCOM 


Terminating 
impedance 
Zt (2//pF) 


Be) if alae es 


Operating temperature range: —30°C to +80°C 


Center 
frequency 
| (MHz) 


Guaranteed attenuation 


Case 


(dB) (kHz) 


214103 
214183 
-21M1B3 


35 +350 to +1000 
60 —300 to —1000 
UM-5 


TOF-602A 


Electrical data 


21J1D3 ATT (dB) fo=21. MHz 
90 


TQF-602A ATT (dB) fo = 43.0 MHz 


600 —400—200 0 +200+400 +600 (kHz) -—600—400—200 0 +200+400+600 (kHz) -—600 —400—200 O +200 +400 +600 (kHz) 


ATT (dB) ATT (dB) 
= 5 ae 


—12 -8 -4 O +4 +8 +12 (kHz) —15-10 —5 O tra) srilO) aries ard, 


Outline drawing 


(.708min) 


18min 


| 
se 


ee 


3.75£0.3 0.35 
(.148+.008) (.014) 


UM-5 (resistance weld) 


ew 


Crustal Filters TOYOCOM 


“Type TQF-491A ae 
Center Frequency (fo) 30 to 150 MHz 
No. of Pole 2 
Passband 3 dB? fo = (fopeleb) x7 1054 imine 

: + -3 

Stopband 40 dB fo Ho 0760 10 en 
Spurious Response 10 dB min. 
Ripple 1 dB max. 
Insertion Loss 4 dB max. 
Terminating Impedance 502 
pee Venation veTenit Doone ee v.01 ora 
Temperature Range —10 to +60°C 
Operating Input Voltage 0.2V max. 
Case T-2 


Electrical data 


TQF-491A ATT (dB) fo = 111.689 MHz 


—300 —200—100 O +100+200+300 (kHz) —600—400—200 O +200+400 +600 fkHz) 


Delay ATT Delay ATT 
us) a | Ly | 
Pees Lok | 
80 4 20 4 
60 2 10 rm \ ©) 
i a a <a 
20 1 | 
— = =) O +3 +6 +9 210) == 70) = 11@) O +10 +20 +30 
(kHz) (kHz) 


Outline drawing 


MAX. 25 MAX. 14 


(0.984) (0.551) 


(0.157) (0.394) 


4—90.75 
(0.030) 


(0.315) 


Sy 


onesies Rp Amma mamta has nnheriomithe 


nillattors 


ll Ose 
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Crystal Oscillators 


TOYOCOM 


INTRODUCTION 

TOYOCOM crystal oscillators are manufactured by using 
TOYOCOM crystal resonator on sophisticated techniques 
and optimum circuit design which produces high stable 
frequency and high quality. 

Since TOYOCOM crystal oscillators are stringently in- 
spected by a computer controlled inspection system and 
produced by an amply studied quality control system, 
they have high reliability. 

TOYOCOM crystal oscillators are, therefore, widely used 
as a precision frequency reference source in communica- 
tion and electronic equipment around the world. Especial- 
ly, TOYOCOM has a big market share in the industrial 
field such as the 900 MHz cellular mobile telephone 
system in the world. 

The abundant TOYOCOM crystal oscillators are classified 
according to function as shown in the table (on page 56, 
57) 

Since this table also shows the frequency range that can 
be manufactured as well as typical application examples, 
it will help the user with type selection. 


1. SPXO (Simple Packaged Crystal Oscillator) 

An SPXO has frequency-temperature characteristics ob- 
tained by crystal resonator and has no temperature 
compensation circuit. 

TOYOCOM has designed it under the optimum circuit 
conditions by the circuit simulation analysis so that the 
best characteristics of the crystal oscillators are obtained. 


2. VCXO (Voltage Controlled Crystal Oscillator) 

A VCXO is a crystal oscillator of which frequency is 
controlled by a external control voltage applied to the 
crystal oscillator. Usually, a variable capacitance com- 
ponent such as a varactor diode is used in the oscillation 
circuit as the frequency control element are shown in 
Fig3t: 


reereny 


“Ts 
i 


Fig. 1 Basic AFC input construction of a VCXO 


AFC 
INPUT 
sch i Ales: Ja 


abe 


Fig.2 and Fig.3 show the V-F characterisitics depending 
on the AFC (Automatic Frequency Control) input con- 
figuration in the VCXO. 

In the case of Fig.2 the V-F characteristic shows a positive 
slope, on the other hand, a negative slope is shown in 
Fig.3. Either way is applicable to the TOYOCOM’s VCXO, 
basing on customer's specifications. 


Voltage 
Regulator 


AF (Hz) 


Positive slope 


-AV V +AV 
AFC input volt. (V) 


Fig. 2 VCXO AFC input configuration for the positive slope 
characteristics 


Voltage 
Regulator 


AF (Hz) 


Negative slope 


AFC input volt. (V) 


Fig. 3 VCXO AFC input configuration for the negative slope 
characteristics 


Our VCXOs are widely used in communication and 
electronic equipment as frequency modulators and a part 
of a phase-locked loop as shown in Fig.4. 

TCO-205 is a VCXO having an excellent SSB phase-noise 
characteristics (for instance, -110dB/Hz at 100Hz offset 
from carrier frequency) and is applicable to a measure- 
ment equipment such as spectrum analyzers and also 
used in a Satellite communication system like VSAT as 
high purity signal source. 


Reference Phase 
OSC Detector 


ie 


Channel select code 


Fig. 4 An application of a VCXO for frequency synthesizer 
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Crystal Oscillators 


3. TCXO (Temperature Compensated Crystal Oscillator) 

A TCXO is acrystal oscillator with a temperature-sensitive 
reactance circuit in its oscillation loop to compensate the 
frequency-temperature characteristics inherent to the 
crystal resonator. 

TOYOCOM TCXOs are classified into a direct compensa- 
tion type called TCO-900 series and an indirect com- 
pensation type called TCO-500 series by the used tem- 
perature compensation method. 

In the case of TCO-900 series, the temperature compensa- 
tion Circuit is inserted directly into the crystal oscillation 
loop as shown in Fig.5, so called direct-type TCXO. Since 
the supply of stable power to the temperature compensa- 
tion circuit is unnecessary, power consumption and case 
size of TCO-900 series can be extremely reduced. 


O Vcc 
Temperature compensation network 


pei oe 


Fig. 5 Simplified schematic of the direct type TCXO 


Because of these features, TCO-900 series is widely used 
as a reference oscillator of synthesizers that generate 
channel frequencies in the worldwide 800 MHz/900 MHz 
cellular mobile telephone and portable telephone market. 
In case of TCXO called TCO-500 series, on the other 
hand, the temperature compensation is performed by the 
indirect compensation method which means the tempera- 
ture compensation circuit located outside of the oscilla- 
tion loop and controls a variable reactance component 
such as a varactor diode as shown in Fig.6. 


: ©) Vcc 
Temperature compensation 
network 


© 0/P 


2 | 


Fig. 6 Simplified schematic of the indirect type TCXO 


High frequency stability is easily obtained over a wide 
temperature range with this compensation method, this 
TCXO is used as a reference source for mobile telephone 
base stations. 

Since the values of the temperature compensation circuit 
are calculated and selected by CAD (Computer Aided 
Design) in the production process, excellent frequency 
stability is guaranteed. 
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TOYOCOM 


4. DTCXO (Digitally Temperature Compensated Crystal 
Oscillator) 

DTCXO is a TCXO compensated by using digital 

technology to obtain ultra-high frequency stability. 

TOYOCOM's DTCX0O is constructed as Fig.7 and has the 

following characteristic features: 


Sensor 
Oscillator 


Frequency 
to Digital 
Converter 


Fig. 7 Simplified Block Diagram of the DTCXO 


1. High frequency stability (+0.2ppm max./-10 to 

+60°C) 
2. Low power consumption (15mA max./ +10V operation) 
3. Compactness (small size of only 40x40x15h in mm) 
4. Non-warm-up (high stability is guaranteed at the start 
of operation) 


Since this DTCXO is compensated individually over the 
full temperature range and the digital compensation code 
is prewritten in the PROM, high frequency stability can be 
obtained at the moment of system power-on. 

From above benefits, TOYOCOM’s DTCXO is used as the 
reference oscillator in the base stations for a 900 MHz 
cellular mobile telephone system and paging system. 


5. OCXO (Oven Controlled Crystal Oscillator) 

With an OCXO, high frequency stability is obtained by 
putting the crystal resonator or the crystal oscillator itself 
in a high precision oven which keeps the ambient 
temperature constantly. Since the set temperature of the 
oven is adjusted to the zero temperature coefficient of 
each crystal oscillator, high stability is obtained. 

Because an AGC (Automatic Gain Control) curcuit is 
provided in the oscillation circuit of TCO-613, TCO-615 
and TCO-632 series, short-term frequency stability and 
frequency versus supply voltage characteristics are excel- 
lent. 

Therefore, these are widely used in satellite navigation 
system such as NNSS. 

The newly developed TCO-635 series are very small and 
fast warm-up type OCXO (within +5x10°8 typ. /5 minutes 
at 25°C) and are used as the frequency source of satellite 
communication system like VSAT. 


Crystal Oscillators TOYOCOM 


TOYOCOM OSCILLATORS LINE-UP 


FREQUENCY AVAILABILITY 


10 100 
e Computer 


eee 

SPXO_ | TCO-312A 00 eae late 
Seen 

e Video camera 

; 59 

e Measurement equipment 

La e PCM timing recovery 

5 60 

e Microwave system 


TCO-730C 20 I 
VCXO 
TCO-205M 
be] Ai beets | wart ai 
TCO-512X ; D) ¢ Marine radio system 62 
TCXO | e Frequency synthesizer 
TCO-519A-L 2 e Cellular mobile radio 64 


TYPE MODEL APPLICATIONS PAGE 
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TC0-9092 e Cellular menue radio 66 
TCXO e Portable radio 
TCO-919A:R 61 
TC0-635A i e Mobile telephone base 70 
hi station 
TCO-612 L 10 e Satellite communication 68 
all system 
TCO-627 4 1O @ Satellite navigation 70 
Oocxo system 
TC0-632B a) 10.0 only e Frequency counter and 70 
synthesizer 
TC0-613A 5 e EPIRB system 68 
TCO-615 9 ' 10 68 
ptcxo | Tco-101 Nite e ithe telephone base | 72 
station 


e Satellite communication 


system 
0.1 1 10 100 1000 
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Crystal Oscillators TOYOCOM 


FREQUENCY STABILITY vs. PACKAGE SIZE 


STABILITY ————> Volume (cc) 
vs. Temp. 2 3 5 7 10 20 30 50, 270 100 200 


i 


ie 


5 aires 
+30x10~°/—20 to 70°C 


8.5 


+10x10~°/0 to 50°C 


+10x10~°/0 to 60°C ha 
33x21x9 


+2.5x10~°/—30 to 75°C TCO-9092 
18.3x11.7x9 


+2.5x10~°/—30 to 75°C 


18.3x11.7x10 


+2x10~°/—30 to 85°C pales 
20x20x10 
+1x107°/—10 to 60°C TCO-512X 
35.8x26.3x10 
+1x10~°/—20 to 70°C TCO-519L 
20x20x10 
+2x10~7/—10 to 60°C TCO-101 
40x40x15 
+1x10~7/—20 to 70°C TCO-635 
30x30x22 


+5x10~°/—10 to 60°C TCO-627 TCO-612 


40x40x25 40x40x56 


+3x10~°/—10 to 60°C TCO-632 
40x40x35 

TCO-613A 

+1x107*/—10 to 60°C -615A 

50x50x60 

m TCO-615B 

+5x10~?/—10 to 60 C 

50x50x60 

1 ? 3 5 a0 20 30 50 70 #4100 200 


Crystal Oscillators 


Applications 
e Computer 
e PCM system 


Features 
@ Compact size 
@ ECL interface available 


Model 
Standard frequency 


TCO-312A 
100 MHz 
Frequency available range 20 to 200 MHz 


Frequency stability 


vs. Temperature +10 ppm/0 to +60°C 
vs. Supply voltage +1 ppm/+5V + 5% 
Aging +3 ppm/year 
Supply voltage +5V + 5% 
Supply current 20 mA max. ; . 
Output 0.4 to 1.0 Vp-p/110Q 
Operable temperature range —20 to +75°C 
Outline drawing ECL interface 
: —Vcc 
TCO-312A ae 
[ee 3320.5 Ry 
(1.299+.020) 1 
, TCO-312 
zg Ra 


C,, R, and R, should be determined by customer. 


| 9+0.5 
(354+ ,020) 


Test circuit 


3pF 


Pin connections 


Frequency 
counter 


Common and case 


Output 


15.24+0.3 
| (.600+.012) | 


VGC 


Oscillator Oscilloscope 


| | as 

| 17.78+0.2 _5,08+0.2 5,08+0.2 Size in mm 
nha fe —— 

 — (,700+.010) (.200+.010)(.200+.010) (inch) 
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Oscillators 


TOYOCOM 


pplications 


Video camera 


e PCM system 
ra A 


Features 

e¢ Compact size 

e 14-pin DIP IC compatible 

~ @ TTL compatible output 

e Hermetically sealed metal package (washable) 


+ 


ix Model 
Standard frequency 


; Frequency available range 


Frequency stability 
vs. Temperature 
vs. Supply voltage 
Aging 

Supply voltage 

Supply current 

Output 


Operable temperature range 
Frequency control range 


Frequency control voltage 


Outline drawing 


TCO-730C 


20.32+0.5 
(.800+.020) 


ten) 


(9.020) 


12.7+0.5 
(.500+.020) 


0.8 


4.7+1) 8.5+0.25 


(.185+.040) | (.335+.010) 


Pin connections 


12.19+0.25 


(.480+.010) 


Control voltage 


Common and case 


Output 
+Vcc 


7.62+0.25 
———e_| 
(.300+.010) 


(.180+.010) 


15.24+0.25 


(.600:.010) Size in mm 


(inch) 


TCO-730C 
14.31818 MHz or 16.384 MHz 


12 to 20 MHz 


+30 ppm/—20 to +70°C 
+1 ppm/+5V + 5% 
+3 ppm/year 
+5V + 5% 


16 mA max. 


TTL compatible, Fan-out 2 


—30 to+75°C 


+50 ppm min. 
EON, BONY) 


Test circuit 


Vcc 


he 


Oscillator 


+4 


3pF A 


Oscilloscope 


Frequency 
counter 


5V 


2kQ. 


IS953 
or equivalent 


CL: Total fixture and probe capacitance = 15pF max. 


Crystal Oscillators 


Applications 
¢ Measurement equipment 
¢ Microwave system 


Features 
¢ Compact size 
e Low SSB phase noise 


Model 
Standard frequency 


Frequency available range 


Frequency stability 
vs. Temperature 
vs. Supply voltage 
Aging 
Supply voltage 
Supply current 
Output 
Operable temperature range 
Frequency control range 


Frequency control voltage 


TCO-205M 
100 MHz 
60 to 150 MHz 


+10 ppm/O0 to +50°C 
X +2 ppm/+12V + 5% 
+5 ppm/year 


+12V + 5% 


SSB phase noise 


Outline drawing 
TCO-205M 


25+0.5 
(.984+.020) 


rb 


car 


~ 


25+0.5 
(.984+.020) 


) 


150.5 _ 
(591+ .020) 


00.5 
(¢ 020) 


oa 


ae 


4+1, 


(.157+.039) 
| 
| 


al 


17.78+0.3 
(700+.012) 


17.78+0.3 
— ——— _ 
(.700+.012) 


Pin connections 


1 Control voltage 
2 +Vcc 


Output 


3 
4 | Common and case 


Size in mm 
(inch) 


10 mA max. 


0 dBm min. into 50Q 


—20 to +70°C 


+20 ppm min. 
REN) as PAV 


—110 dBc/Hz min. (offset frequency 100 Hz) 


TCO-205 100 MHz SSB PHASE NOISE 


0 T ane! if jie ep T Vela le|| aera) T 
at: + 
—20 


L£(f) [dBc/Hz] 


170 eels 1 (ae ee 1 
1 10 100 1K 10K 100K 


Offset frequency [Hz] 


Frequency 
counter 


Test circuit 


i S == 3pF ~ 30pF 


Level meter 
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‘Crystal Oscillators 


TOYOCOM 


Applications 
@ Portable radio 
®@ Cellular mobile radio 


Features 

@ Low power consumption (2 mA max.) 

@ High frequency stability 

@ With modulation or voltage control function 
@ Miniature size (2cc) 


, Model 
: Standard frequency 
Frequency stability 
vs. Temperature 
vs. Supply voltage 
Aging 
Supply voltage 
Supply current 
Output 
Operable temperature range 


Frequency adjustment 


TCO-919A 


TCO-919R 


12.8 MHz 


+2.5 ppm/—30 to +75°C 
+0.3 ppm/+5V + 5% 
+1 ppm/year 
+5V + 5% 


2 mA max. 


1 Vp-p min. clipped sinewave (DC-cut) 
—35 to +80°C 


+3 ppm min. by internal trimmer 


Audio modulation & Vcont function Audio modulation 
Deviation 
Distortion 


Input voltage 


Response slope 


Outline drawing 
TCO-919A, R 


18.3+0.5 


(.720+.020) 


oS) 


11.7+0.5 
(.461+.020) 


Modulation range : 


Vcont for PLL 


+8 ppm min. Frequency control range : +5 ppm min. 


3% max. Control voltage eo rteeZN/ 
2 Vp-p Response slope Positive 
il lnkesie) Sil 


Negative 


Test circuit 
TCO-919A 


counter 


Audio modulation 


TCO-919R 


Oscilloscope 
F 
Frequency 
counter 


S 

41S 
ae +! = a 
So O}o ro) 
So = oer - “ 
pe | 3g 
2 4+0.5 140.2 ©: 

(.157+.020) 80:55 40.5 (039.010) ; : 

020) 1872020) Pin connections 
as 1 | Common and case 
S|° 
15 2 | Output 
i 3 V 

= we + 
Size in mm CC 
(inch) 4 | Control voltage 


(.591+.012) 


Vcont 
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Crystal Oscillators TOYOCOM 


Applications 
e Marine radio system 
e Frequency synthesizer 


Features 

e Low power consumption 

e Hermetically sealed metal case 
e Excellent frequency stability 


Model TCO-512X a 

Standard frequency 6.4 MHz or 10 MHz ' ; 
Frequency available range 4 to 25 MHz 
Frequency stability 

vs. Temperature +1 ppm/—10 to +60°C 

vs. Supply voltage +0.4 ppm/+10V + 5% 

Aging +1 ppm/year 
Supply voltage +10V + 5% 
Supply current 10 mA max. 
Output Open collector 


(pull up resistor; 1.5 kQ) 
Operable temperature range —20 to +70°C 


F +3 ppm min. by external 
Frequency adjustment 
% pee potentiometer (2.2 kQ) 


Outline drawing Test circuit 


TCO-512 X 


= 35.8+0.5 2 
(1.409=.020) 


| 


+ 


+Bias 


_26.3:0.5 
(1.035: 020) 


| 


Frequency 
counter 


Wiele: 


) Oscillator 


Pin connections (TCO-512X) 


1—2—5 Freq. adj. 
3 +Vcc 


10°05 _| 
(394.020) 


7.5*0:5 


295+ 020) 
S| 


Oscilloscope 


0.8 4 Output 

1.031) E TCO-512X 

. Common and case 
Ae 3 4® 
Ae 22 1 5 
ata @2 O 
“2 | @, ® ) 

A | Size in mm 2QINED 
| ee 0002 0121 anal (inch) 
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Crustal Oscillators TOYOCOM 


Frequency stability vs. Temperature 


2 


+1 


AF/F (ppm) 


Sa EOF SP2S 


—20 —10 ) Ome Ome SO0F GeO 505 160) 570 


Ambient temperature (°C) 


+2 Test condition : at room temperature 


AF/F (ppm) 


1 3 10 30 100 300 1000 3000 
Elapsed time (days) 


TCO-512 10 MHz SSB PHASE NOISE 


0 [ae ef T T rv T aa Si | T T at 
—10 
—20 
-aof 
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am 
a) 
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= 
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1Os- 
| 
| 
| 
Ges | 
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Crustal Oscillators 


Applications = 
@ Cellular mobile radio 
@ Trunked radio system 


Features 

¢ Compact size 

e Wide temperature range 

e Excellent frequency stability 


Model TCO-519A TCO-519L ee 
Standard frequencies 12.8 MHz or 15.36 MHz 12.8 MHz or 15.36 MHz 
Frequency available range 10 to 24 MHz 10 to 24 MHz 


Frequency stability 
vs. Temperature +2 ppm/—30 to +85°C +1 ppm/—20 to +70°C 
vs. Supply voltage +0.2 ppm/+5V + 5% +0.2 ppm/+5V + 5% 
Aging +1 ppm/year +1 ppm/year 


Supply voltage +5V + 5% +5V + 5% 


Output 1 Vp-p min. clipped sinewave (DC-cut) 1 Vp-p min. clipped sinewave (DC-cut) 


Operable temperature range —35 to +90°C —30 to +80°C 


Frequency adjustment +3 ppm min. by internal trimmer +3 ppm min. by internal trimmer 


Frequency control range +6 ppm min. 


Frequency control voltage +2.5V + 2V (positive slope) 


Outline drawing Test circuit 
TCO-519A, 519L Pin connections 
lo (TCO-519A) 


Output 


Common and case 


Oscilloscope 


(.787+.020) 


Control voltage * 


Common and case 


dh 


2 Pin connections VEG Bec 
2 FF (TCO-519L) counter 
it i +Vcc 
= Output Vcont 


90.5 


(¢.020)) 


mmo n 
Co n and case (common and case) 


Common and case 


OQ}; WI NM] — 


Common and case 


15+0,3 
(.590+.012) 


| 15+0.3 Size in mm 
(.590+.012) (inch) 
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Crystal Oscillators 


TCO-519A Frequency stability vs. Temperature 


AF/F (ppm) 


TEMPERATURE (°C) 


TCO-519 12.8MHz Accelerated aging characteristics 


Test Condition: +60°C 


a of 
cr + 
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aq 
= 
uw 
ir 
J ae + 
a ne 
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Crystal Oscillators 


Applications 
e Portable radio 
© Cellular mobile radio 


Features 

e Miniature size (2 cc) 

e Low power consumption (2mA max.) 
e High frequency stability 


Model 
Standard frequencies 


Frequency available range 


TCO-909Z 
12.8 MHz or 15.36 MHz 


10 to 20 MHz 


Frequency stability 
vs. Temperature 
vs. Supply voltage 
Aging 


Supply voltage 
Supply current 


Output 


Operable temperature range 


Frequency adjustment 


Outline drawing 


TCO-909Z 


18.3+0.5 
(.720+.020) 


Micick 
eta 


11.7+0.5 
(.461+.020) 


oO 
LOIN 
0/9 
+! +H 
o| 3 Ss 
f 8 
12020 
4+0.5 (039.010) 
HH 
(.157+.020) 
A 
cel = : : 
So) 2 Pin connections 
to | oO 
NR. 


Common and case 


Output 


15+0.3 


(591.012) +Vcc 


Size in mm 
(inch) 


+2.5 ppm/—30 to +75°C 
+0.3 ppm/+5V + 5% 
+1 ppm/year 
+5V + 5% 


2mA max. 


1 Vp-p min. clipped sinewave (DC-cut) 
—40 to +85°C 


+3 ppm min. by internal trimmer 


Test circuit 


Oscilloscope 


20ki2 


Oscillator : 


Frequency 
counter 
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Crystal Oscillators TOYOCOM 


Frequency stability vs. Temperature 


iS 
om 
2 
te 
= 
re 
a 


TEMPERATURE (°C) 


Aging characteristics 
Test condition: continuous operation at room temperature 


AF/F (ppm) 


Elapsed time (days) 
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Crystal Oscillators TOYOCOM 


Applications 

®@ Mobile telephone base station 

@ Satellite communication system 
® Satellite navigation system 

@ Frequency counter & synthesizer 


Features 

@ Excellent long and short term stability 
@ Low SSB phase noise 

@ Excellent warm-up 

@ Compact size 


Model TCO-612A TCO-612B TCO-612C TCO-613A TCO-615A TCO-6158 
Standard frequencies 5 MHz or 10 MHz 5 MHz or 10 MHz 5 MHz 
Frequency available range 1 MHz to 10 MHz 5 to 7 MHz 5 to 10 MHz 


Frequency stability 
vs. Temperature EX One +5x 1078 OO +5 3c Ome 


—10 to +60°C 
+10% +5% 
Aina epiteey 22x10 22510" 5x10" 
within 10 minutes at 25°C within 30 minutes at 25°C 

Supply voltage +12V + 10% 
Supply current 

Warm-up 330 mA max. 400 mA max. 500 mA max. 

Steady state at 25 C 150 mA max. 200 mA max. 300 mA max. 
Output TTL Compatible, Fan-out 2 aba TTL Compatible, Fan-out 2 
Frequency adjustment be Omani. 255 x Om eerie 
Weight 100 grams 200 grams 

Test circuit 
TCO-612, 627, 615, 635A1, A2, TCO-613. 635A 


| Frequency 
ci t 
dein: Frequency 
counter 
+5V 


ie) > 
- (A). (a) == 3pF ~ 30pF 


; j Level meter 


1S953 
or equivalent 
CL: Total fixture and probe capacitance = 15pF max. 
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Crystal Oscillators 


TCO-612A, B, C 


40+0.5 
(1.575+.020) 


{.100 max.) 


¢2.205+.020) 


(.472+,039) 


(1.181+.020) 


10+0.2 
— 
(.394+.010) 


10+0.2 
—s 
(.394+.010) 


Pin connections 
Output 


5 | Common and case 


1,8 max. 
(.071 max.) 


2.5 max. 
(.100 max) 


TCO-613A 


50+0.5 
(1.969+.020) 


(1.417+.012) 


Pin connections 


Output (hot) 
Output (cold) 


Common and case 


(1,969+.020) 


60+0.5 
(2.362+.020) 


8 pin octal base 


(1.417+.012) 


1.8 max. 


2,5 max. 


10+0.2 
el 


TC 


TOYOCOM 


0-615A, B 


50+0.5 


(1,969+.020) 
~ ' 


50:0.5 
(1.969+.020) 


60:0.5 
(2.362+.020) 


(.472+.039) 


(1.417: 


(1.417+.012) 


10+0.2 
| amen 
(.394+0.1) 


Pin connections 


fe] 


utput 


Common and case 


Power consumption vs. Ambient temperature 
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b 
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Warm-up characteristics 


+16 


TCO-615 5 MHz a 
Short-term stability 
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Crystal Oscillators 


Applications 

@ Mobile telephone base station 

@ Satellite communication system 
@ Satellite navigation system 

@ Frequency counter & synthesizer 


Features 

@ Excellent long and short term stability 
@ Low SSB phase noise 

@ Fast warm-up 

@ Miniature size 

@ Low profile 

@ Low power consumption. 


Model TCO-632B 
vs. Temperature eel Ome raj (0). = +3 x 107° 
=10 to +60°C 
vs. Supply voltage #5 x 10 
+12V + 6% 
after 24 hours operation 
ate25eC at —10 C al 25a 
Supply voltage +12V + 10% +12V-4 596 
Warm-up 150 mA max. 330 mA max. 550 mA max. 400 mA max. 
Steady state at 25°C 70 mA max. 150 mA max. 
Output = s EP | TTL Compatible, Fan-out 2 
Sinewave 


Frequency adjustment ecu Omani 


5c Ome mine +3 x 1077 min. 


Weight 30 grams 


__— 
Power consumption 


vs. Ambient temperature 


AF/F (x107°) 


Power consumption (watt) 


L lis 
20 40 60 80 
Temperature (°C) 


= 1 
—20 0 


TCO-635A Warm-up characteristics at 25 C 


80 grams 100 grams 


20 = 205 

ese. 
x 
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+ ui, + t+ + + + +- 
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Crystal Oscillators TOYOCOM 


Outline drawing — Size in mm (inch) 
TCO-635A, A1 TCO-635A2 TCO-627B, F TCO-632B 


40+0.5 40+0.5 
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Pin connections Pin connections Pin connections Pin connections 
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NC 2 | Output 
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